. • k ■ 

* 


• • 


* A 


' • » ■ * . 

•4  • • 


• j 


4 


En|raye9_from.  a.Ehoto^rapli‘bv''W“H6Il 


□ 


FOUNDER  AND  PRINCIPAL  OF  THE  LIVERPOOL  COLLEGE  OF  GHEM  ISTRY 


WIILIAM  MAIK(  N/lf  . Dl  ASGOW,  I mNHMHGH.l  liNGON  & Nl  WYOUK  . 


WElLCOVIE  IKSTiTU  fE 
LIBRARY 

Coll. 

welMOmec 

Call 

No. 

(Tt>o 

m 

ij”  © F [E  ^ S lH'  IS 


J1  Li  J 


MEiv'nH.-;  ;jl£  LIN5TITUT,  FROFESSEUR  AFECOLE  DES  ARTS  ET  MANUFACTURES 


Li\i//'a  u j 


I a !.y  L I 


,(? 


PR  Eb ! D E N r OF  THE  OOEEN  S EOLLECf,  Li;Rr\ 


,J(0)K]KI  ®l\[LTr(0)M5,Ja[Eo§o 

LATE  PRESIDENT  OF  THE  LITERARY  AND  PHILOSOPHICAL  SOCIETY  OF  MANCHESTER 


a LI  AM  MACKENZIE..  CL  AS-.VCW,U)1NB0KGH.  l>'Nr)-''N  i NEW 


nn  yy  !5i  E £ EO  E iDEpE  E. 

i ‘ iU'l':,;>  ;;i.  ;.!•  THRivi : .^ri  \ ;;,i  THK  uNlVKllSlTV  Ob’  f-TCCKHOLM  &c&.c 


WILLIAM  MACKENZIE.  GLASGOW.  EOIN  BURCH.  LONDON  & NEW-YORK 


CHEMISTRY, 

THEORETICAL,  PRACTICAL,  AND  ANALYTICAL, 

AS  APPLIED  AND  RELATING  TO 

THE  AETS  AND 

MANUFACTHEES. 

Tliere  are  qualities  in  the  products  of  Nature  yet  undiscovered,  and  combinations  in  the  powers  of  Art  yet  untried-  It  is  the  duty  of  every 
man  to  endeavor  that  sometiiiug  may  be  added,  by  his  industry,  to  the  hereditary  aggregate  of  knowledge  and  happiness. — Dr.  Jounson- 

ACETIC  ACID. 

acetic  acid — French ; Essigsaure, 

different  from  acetous  add,  as  then  known,  both  in 

German ; Acidum  Aceticum,  Latin ; Eisel,  Saxon — is 

physical  characteristics,  as  well  as  in  its  afiinity  for 

the  name  of  the  acerb  principle  existing  in  vinegar. 

other  bodies,  in  forming  neutral  compounds  with  them. 

It  has  been  known  from  time  beyond  memory,  that 

The  phlogiston  theory  being  at  this  time  in  the  ascen- 

the  expressed  juice  of  fruit,  after  becoming  vinous  by 

dant,  Bekthollet  concluded  that,  during  distillation. 

a species  of  fermentation,  was,  imder  particular  circum- 

the  acetous  acid  gave  out  phlogiston  to  the  copper. 

stances,  found  to  undergo  another  change ; that  is,  it 

and  received  oxygen  in  return ; hence  it  was  assumed 

became  acrid  to  the  taste — a conversion  we  now  call 

that  the  new  liquid  was  acetous  acid  united  with  oxy- 

the  acetous  fermentation,  and  the  acid  produced,  acetic 

gen,  and  was  accordingly  named  acetic  add.  After 

acid.  Under  the  name  vinegar,  this  acid  was  known 

the  phlogiston  theory  had  exploded,  the  views  of  Bek- 

many  ages  before  the  discovery  of  any  other,  those  only 

THOLLET  were  not  materially  altered  on  that  account. 

excepted  which  exist  ready-formed  in  the  vegetal  king- 

for,  the  residue  in  the  retort  being  metallic  copper,  it 

dom.  It  appears,  from  the  writings  of  Moses,  that  it 

was  supposed  that  the  acetous  acid  deprived  the  oxide 

was  in  very  general  use  among  the  Israelites,  and  other 

of  copper  of  its  oxygen.  Stahl  and  Westendorf 

Eastern  nations,  at  a very  remote  period;  there  ex- 

were  the  first  to  prepare  the  acid  in  a pure  state,  but 

isted,  however,  no  definite  knowledge  with  regard  to  the 

Lowitz  was  the  first  to  obtain  it  as  a pure  hydrate 

nature  of  its  formation,  and  even  in  the  commence- 

of  acetic  acid  in  179.3.  Afterwards,  it  was  observed 

raent  of  the  eighteenth  century,  great  ignorance  was 

by  Dr.  J.  Davy,  that  spongy  platinum,  in  contact 

manifested  as  to  the  cause  of  its  production.  At  this 

with  the  vapor  of  alcohol,  became  incandescent,  and 

early  date,  when  comparatively  very  little  was  rmder- 

generated  this  acid.  Dobereiner  further  studied  the 

stood  of  chemical  science,  it  was  impossible  to  invest!- 

nature  of  the  acid,  and  proved  that  the  alcohol  was 

gate  the  theory  of  these  changes,  owing  to  the  munber 

oxidized  at  the  expense  of  the  atmospheric  air,  producing 

of  substances  contained  in  the  liquids,  and  the  great 

acetic  acid  and  water,  and  that  no  carbonic  acid  was 

variety  of  circumstances  producing  such  metamorphoses. 

formed — thus  pointing  out  the  fallacy  of  the  opinion 

With  aU  the  advantages  which  chemistry  holds  forth. 

held  by  the  chemists  of  his  time,  that  carbonic  acid 

there  are  many  points  still  remaining  to  be  cleared  up  in 

was  one  of  the  products  of  the  acetous  fermentation. 

some  of  the  practical  details  of  the  acetous  fermentation; 

Further,  he  showed  that,  for  the  complete  oxidation  of 

however,  we  are  enabled  to  lay  down  one  principle  as 

one  atom  of  alcohol,  four  atoms  of  oxygen  were  required. 

its  cause,  in  all  the  processes  for  making  acetic  acid. 

This  acid  is  produced  under  various  circumstances,  and 

with  the  exception  of  its  formation  in  the  distillation  of 

in  a variety  of  ways,  some  of  which  are,  in  a theoretical 

wood.  The  alchemists  were  acquainted  with  this  acid 

point  of  view,  extremely  important.  Wlien  alcohol  is 

in  a concentrated  state,  as  radical  vinegar,  or  vinegar 

treated  with  hot  potassa-Iime,  hydrogen  gas  is  evolved. 

of  Venus;  and  the  product  of  the  rectification  of  this 

and  acetate  of  potassa  is  formed.  Cane  sugar,  on  being 

liquid  they  named  distilled  vinegar,  or  acetous  add. 

boiled  with  a concentrated  solution  of  potassa,  elimi- 

Bekthollet,  in  1785,  published  a paper  wherein  he 

nates  hydrogen,  and  gives  rise  to  a series  of  acids,  the 

endeavored  to  demonstrate  that  the  acid  obtained  from 

principal  of  which  are  acetic  and  oxalic.  The  pure 

the  distillation  of  verdigris — acetate  of  copper — was 

acid  is  obtained  by  distilling  acetate  of  soda  or  potassa 
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ACETIC  ACID Its  Formation. 


with  sulphuric  acid.  Fig.  1 is  an  apparatus  well  adapted 
for  this  purpose.  A is  a flask,  closed  by  a cork,  which 
receives  two  tubes ; one  of  these  is  a funnel  tube,  a, 
through  which  the  liquid  bodies  are  introduced,  and 
the  other  conducts  the  vapors  to  the  condenser.  This 
consists  of  an  outer  case,  d,  tlirough  which  the  tube,  c c, 
connected  with  the  bent  tube  from  the  flask.  A,  passes. 
The  condenser  is  cooled  by  keeping  a stream  of  water 
running  constantly  from  the  reservoir,  B ; c is  a flask  to 
receive  the  condensed  vapors ; d the  gas  lamp  which 


heats  the  liquid  in  A , h the  gas  pipe,  and  e the  vessel  into 
which  the  heated  water  flows  from  the  condenser.  A 
convenient  quantity,  say  half  a pound,  of  pure  acetate  of 
soda,  is  introduced  into  the  flask,  and  about  five  ounces 
of  strong  sulphuric  acid,  sp.  gr.  1'80,  poured  in  through 
the  funnel,  a,  and  the  whole  well  agitated.  SufScient 
heat  is  developed  to  cause  one-eighth  of  the  acid  to 
distil  over  without  fire,  and  the  heat  of  the  sandbath  is 
sufficient  to  expel  the  rest.  A colorless  liquid  is  ob- 
tained, which  has  a specific  gravity  of  about  1‘061,  and 
contains  forty  to  forty-two  per  cent,  of  real  acid. 
By  rectifying  this  product,  after  agitation  with  a 
little  peroxide  of  lead,  the  acid  is  obtained  perfectly 
pure.  This  acid  is  a monohydrate,  boils  at  248° 
Fahr.,  and  po.ssesses  a specific  gravity  of  1'063  to 
1'065.  In  Professor  Lehmann’s  Chemistry,  trans- 
lated for  the  Cavendish  Society  by  Dr.  Day,  is  the 
following : — In  its  most  concentrated  state,  as  first 
hydrate,  it  forms  a crystalline  mass  below  plus  16° 
C. — 60‘8°  Fahr. ; — above  this  temperature  it  is  fluid, 
has  a spec.  grav.  1'080,  and  boils  at  117'3°  C. — 
243‘14°  Fahr.; — its  second  hydrate,  containing  two 
atoms  of  water,  has  a spec.  grav.  of  1'078,  and  boils 
at  140°  C. — 284°  Fahr.  The  Editor  questions  the 


accuracy  of  the  above.  In  all  other  chemical  works, 
the  specific  gravity  of  the  monohydrated  acid  is  given 
as  1‘0G3.  It  is  strange  that  Dr.  Day  should  not,  in  a 
note,  have  alluded  to  this  apparent  error.  The  acid 
ivith  one  equivalent  of  water  has  the  composition — 


Atomic 

Weight. 

Centesimal 
Quantities 
oi  each. 

4 E(is.  of  carbon, 

3 Eqs.  of  hydrogen, 

24 

= 40 

3 

= a 

3 Eqs.  of  oxygen, 

24 

= 40 

1 Eq.  of  water, 

9 

= 15 

GO 

100 

Formula,  IIO, 

U4  H3  U3. 

For  a long  time  it  baffled  the  labors  of  the  chemist 
to  obtain  the  acid  free,  from  water,  every  available 
means  applied  proving  unsuccessful.  Lately,  however, 
Gerhakdt  has  produced  the  anhydrous  acid,  by  mixing 
cliloride  of  benzoyle  and  fused  acetate  of  potassa  in  a 
flask,  and  allowing  them  to,  heat  on  a sandbath.  Chlo- 
ride of  potassium  is  first  formed,  and  a substance  which 
is  probably  acetate  of  benzoyle ; but  the  action  does  not 
stop  here,  since,  on  heating  the  mixture  above  this  tem- 
perature, with  an  excess  of  acetate  of  potassa,  the  first- 


mentioned  bodies  react  upon  each  other,  and  there 
distils  a perfectly  colorless  iridescent  liquid,  having 
the  unmistakeable  odor  of  acetic  acid.  This  liquid  is 
anhydrous,  boils  at  279‘5°  Fahr.,  is  heavier  than  water, 
in  whieh  it  sinks  as  an  oil,  and  at  the  temperature  of 
58°  or  60°  they  are  immiscible.  Hot  water  changes 
it  into  ordinary  acetic  acid.  The  odor  of  acetic  acid 
is  most  peculiar — suffocating,  but  when  mixed  with  air 
agreeable;  it  is  nearly  as  acrimonious  as  sulphuric  acid; 
when  dropped  on  the  skin  it  acts  hke  an  escharotic, 
producing  much  heat  and  rapid  inflammation  of  the  part 
with  which  it  is  in  contact.  Cold  acetic  acid  is  not 
inflammable,  but  when  boiled  its  vapor  ignites,  burning 
with  a blue  flame.  It  distils  without  change — even 
a red  heat  only  slightly  decomposes  it.  When  its 
vapor  is  passed  through  tubes  containing  red-hot  char- 
coal, it  suffers  decomposition  rapidly,  giving  rise  to 
carbonic  acid,  carbonic  oxide,  carbide  of  hydrogen,  and 
water. 

Acetic  acid,  with  most  bases,  gives  salto  soluble  in 
water  and  in  alcohol ; even  acetate  of  lead  is  soluble 
in  the  latter — a few  neutral  acetates  only  are  sparingly 
soluble.  A solution  of  nitrate  of  silver  is  not  clouded 
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by  free  acetic  acid ; but  it  is  troubled  by  saturating  the 
free  acid  with  ammonia. 

Subnitrate  of  mercury  determines  at  once,  in  acetic 
acid,  a crystalline  precipitate.  Acetic  acid  does  not 
reduce  the  tercliloride  of  gold,  even  in  the  heat ; but  if 
an  excess  of  potassa  be  added,  metallic  gold  is  imme- 
diately deposited. 

Acetates  tinge  the  sesquisalts  of  iron  blood-red. 
Free  acids,  except  acetic  acid,  destroy  this  color.  Of 
all  the  volatile  organic  acids,  acetic  acid  is  the  only 
one  having  the  property  of  dissolving  protoxide  of  lead, 
in  the  state  of  a basic  acetate,  which  solution,  when  the 
oxide  of  lead  is  in  excess,  has  an  alkaline  reaction  on 
reddened  htmus  paper — a characteristic  test. 

The  specific  gravity  of  the  acid  is  variable,  the  mono- 
hydrate being  1’063,  while  the  same  acid  diluted  with 
five  atoms  of  water,  or  fifty-one  and  a half  per  cent., 
possesses  the  like  specific  gravity.  Hence,  in  determin- 
hig  the  strength  of  acetic  acid,  the  density  is  no  criterion 
of  the  amount  of  acetic  acid  present,  as  is  shown  in  the 
subjoined  table,  di'awn  up  by  Thomson  : — 

Equivalents  of  Equivalents  of  g 

AciiL  Water. 


1 + 1 1-06296 

1 + 2 1-07060 

1 -f-  3 1-07084 

1 + 4 1-07132 

I -t-  5 1-06820 

1 + 6 1-06708 

I + 7 1-06349 

1 + 8 1-05974 

1 + 9 1-05794 

1 + 10  1-05439 


From  the  following  table  it  will  be  seen,  that  when 
it  is  required  to  determine  the  amount  of  dry  acid  in 
rather  dilute  solutions,  the  specific  gi'avity  test  answers 
pretty  well  within  certain  hmits;  but  when  the  acid 
increases  in  strength,  it  is  evident  from  the  preceding 
that  this  test  is  fallacious,  as  the  acid  containing  only 
one  atom  of  water,  and  that  with  six  atoms  of  water  to 
one  of  acetic  acid,  are  of  the  same  density. 


Hydrated 
Acid  in 
lUO  parts. 

Sp.  Gr. 

Hydrated 
Acid  in 
lOU  parts. 

Sp.  Gr. 

Hydrated 
Acid  in 
100  parts. 

Sp.  Gr. 

100 

1-0635 

67 

1-0690 

34 

1-0450 

97 

1-0680 

64 

1-0680 

31 

1-0410 

94 

1-0706 

61 

1-0670 

28 

1-0380 

91 

1-0721 

58 

1-0660 

25 

1-0340 

88 

1-0730 

55 

1-0640 

22 

1-0310 

85 

1-0730 

52 

1-0620 

19 

1-0260 

82 

1-0730 

49 

1-0590 

16 

1-0230 

79 

1.0735 

46 

1-0550 

13 

1-0180 

76 

1-0730 

43 

1-0530 

10 

1-0150 

73 

1-0720 

40 

1-0513 

7 

1-0107 

70 

1-0700 

37 

1-0480 

4 

1-0050 

The  method  for  testing  the  strength  of  acetic  acid, 
et  cetera,  is  fully  described  under  Vinegar,  page  32. 
Tliis  acid  is  without  doubt  the  most  interesting  of  aU 
the  organic  acids,  as  it  enters  more  than  any  other  into 
the  industrial  arts,  and  .occurs  the  most  frequently  in 
nature,  ready  formed  in  several  products  of  the  vegetal 
kingdom.  Acetic  acid  exists  in  the  sap  of  nearly  aU 
plants,  and  probably  in  divers  liquids  dependent  on 
the  animal  economy ; but  is  never  found  in  any  large 
quantity.  Several  organic  matters  give  birth  to  this 
acid  during  their  decomposition.  It  is  also  produced 
by  the  putrefaction  of  animal  and  vegetal  substances; 
the  action  of  the  alkalies,  at  an  elevated  temperature. 


converts  some  vegetal  acids  into  acetic  and  oxahe  acid? 
— in  fact,  nearly  all  the  bodies  of  an  organic  nature 
produce  acetic  acid  when  submitted  to  distillation. 
Besides  the  processes  already  glanced  at  for  the  pro- 
duction cf  acetic  acid,  a variety  of  others  are  resorted 
to  for  its  formation.  An  interesting  method,  on  account 
of  its  beauty  and  perfection,  is  the  oxidation  of  alcohol, 
through  the  agency  of  spongy  platinum.  It  is  a weU- 
known  fact,  that  spongy  platinum — platinum  black — 
from  its  minute  state  of  division,  condenses  wthin  its 
pores  several  hundred  times  its  volume  of  atmospheric 
air ; consequently,  when  the  vapor  of  alcohol  comes  in 
contact  with  this  body,  a supply  of  oxygen  in  a concen- 
trated state  is  presented  to  it,  and  the  platinum,  mth- 
out  losing  any  of  its  uiherent  properties,  effects  chemical 
combination;  the  alcohol  undergoing  slow  combustion, 
and  being  converted  into  acetic  acid.  This  can  be 
illustrated  by  an  apparatus  similar  to  Fig.  2, — A is  a 
bell  glass,  through  the  mouth  of  which  a long  funnel,  a, 
passes;  the  lower  end  of  this  funnel  terminates  in  a 
fine  point,  so  that  the  alcohol  pomed  in  may  percolate 
very  slowly.  The  vessel  is  placed 
upon  supports,  h,  within  a dish,  b,  in  2. 

which  is  a saucer  or  small  flat  basin, 
containing  the  spongy  platinum.  The 
interstice  from  the  bottom  of  the 
dish,  B,  and  the  bell.  A,  sei-ves  for  the 
circulation  of  air  in  the  jar.  On 
pouring  the  alcohol  tlnough  a,  in  the 
course  of  a short  time  the  odor  of 
acetic  acid  is  perceived  at  the  mouth, 
from  the  acetic  acid  vapors  which  are 
generated.  These  condense  on  the 
sides  of  the  jar,  and  trickle  to  the  bottom,  where  they 
collect  in  b.  It  is  advantageous,  for  the  success  of  the 
experiment,  to  have  the  alcohol  heated  to  about  90° 
Falir.  when  it  is  poured  in.  In  Germany,  and  other 
continental  counti-ies,  Avhere  the  duty  on  alcoholic 
hquors  is  not  so  high  as  in  England,  this  method  was 
once  successfully  followed,  and  for  excellence  and  sim- 
plicity it  can  scarcely  be  sui-passed.  For  operations 
on  a large  scale,  a glass  case,  or  one  of  wood,  is  con- 
structed, the  roof  of  which  is  of  glass  to  admit  the 
heat  of  the  sun.  In  the  interior  of  this  case  shelves 
are  contrived,  twelve  inches  apart,  on  which  a series  of 
shallow  glazed  earthenware  or  porcelain  dishes  are 
placed.  The  alcohol  is  poured  into  these  vessels,  and 
in  each  is  a porcelain  or  stoneware  tripod,  bearing  a 
watch-glass  or  small  dish,  containing  the  spongy  metal. 
No  more  than  an  inch  and  a half,  or  two  inches,  should 
intervene  between  the  platinum  in  the  watch-glasses 
and  the  surface  of  the  alcohol  in  the  flat  dishes.  If 
there  be  no  arrangement  to  supply  an  influx  of  air,  in 
the  place  of  that  which  becomes  deoxidized,  no  more 
alcohol  should  be  operated  upon  than  the  volume  of  air 
in  the  apparatus  will  be  capable  of  converting  into  acetic 
acid.  This  quantity  may  be  inferred  from  the  fact,  that 
one  hundred  and  ten  grains  of  alcohol  require  for  their 
complete  oxidation  one  thousand  cubic  inches  of  air, 
producing  one  himdred  and  twenty  grains  of  anhydrous 
acetic  acid,  and  about  sixty-five  grains  of  water.  If  a 
draught  be  instituted,  by  which  the  vitiated  or  nitrogen- 
ous portion  of  the  deoxidized  air  is  withdrawn,  and 
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fresh  quautities  supplied  by  means  of  air-passages  in  the 
lower  part  of  the  chamber,  the  necessity  of  observing, 
with  the  accuracy  mentioned  previously,  the  amount 
of  alcohol  submitted  to  oxidation,  is  obviated.  This 

Fig  3. 


aiTangement  is  shown  in  Fig.  3.  The  temperature  of 
the  air  in  the  case  is  raised  by  means  of  steam  pipes 
or  flues,  from  a fire  adjacent  to  the  apparatus,  simi- 
lar to  those  in  vmeries  in  this  country,  to  about  90° 
Fahr. ; oxidation  of  the  alcohol  commences,  which 
is  ascertained  by  the  pungent  odor  of  the  acid.  The 
elevated  temperature  converts  a portion  of  the  alcohol 
into  vapor,  which,  on  coming  into  contact  with  the 
moistened  platinum,  undergoes  incipient  combustion, 
giving  rise  to  the  acid.  These  vapors  condense,  and 
are  collected,  for  the  most  part,  in  the  dishes;  the 
remaining  quantity  trickles  down  into  a receiver  at  the 
bottom  of  the  case.  In  this  maimer,  the  whole  of  the 
alcohol,  in  a comparatively  short  time,  is  converted  into 
acetic  acid ; and  as  long  as  a supply  of  fresh  air  is  kept 
up  in  the  chamber,  the  spongy  platinum  retains  its  ac- 
tivity by  inducing  the  oxidation  of  the  liquid.  With  a 
case  of  twelve  cubic  feet  capacity,  and  seven  or  eight 
ounces  of  platinum  black,  one  poimd  of  absolute  alcohol 
may  be  acetified  daily ; and  mth  a provision  of  twenty- 
four  or  thirty  pounds  of  spongy  platinum,  and  a propor- 
tionate sized  case,  three  hundred  pounds  of  alcohol  may 
be  oxidized  in  the  same  time,  producing  an  acid  of  the 
purest  kind.  Hence  this  method  claims  pre-eminence 
over  any  other  for  the  formation  of  acetic  acid.  The 
theory  of  tliis  conversion  of  alcohol  into  acetic  acid 
may  be  understood  from  the  following  representation. 
In  the  first  stage  of  oxidation,  the  alcohol  loses  two 
atoms  of  hydrogen,  which,  by  uniting  with  the  oxygen 
of  the  air,  give  rise  to  water ; there  remains  a peculiar 
volatile  compound — aldehyde — which  is  the  oxide  of 
the  supposed  radical  of  acetic  acid.  The  symbolical 
formula  expresses  this  change 

Cj  0,  HO-f  0^  = 04  H3  0,  HO  + 2 aq. 

AlcohoL  Aldehyde. 

The  aldehyde  takes  up,  in  addition  to  the  oxygen  which 
it  constitutionally  contains,  two  atoms  more,  and  thus 
passes  into  acetic  acid,  as  is  shown  in  the  annexed 
equation ; — 


H 0,  C4  Hg  0,  -j-  2 aq.  -j-  Og  = HO,  C4  H3  O3  -}-  2 aq. 

Aldehyde.  Acetic  acid. 

The  following  also  represents  the  transformation ; — 

Is’iitncri* 

cully. 

1 atom  of  alcohol = C4  H5  0,  HO  = 46 

Minus  2 atoms  of  hyih'ogen r—  Hg  =2 

Equal  1 atom  of  aldehyde C4  H3  0,  HO  = 44 

Plus  2 atoms  of  oxygen = Og  =16 

Equal  1 atom  of  hydrated  acetic  acid  C4  H3  O3,  HO  = 60 

Aldehyde  is  an  exceedingly  volatile  body,  a very 
slight  heat  being  sufficient  to  dissipate  it ; and  if  this 
be  not  prevented  by  having  a copious  supply  of  fresh 
air  in  the  case  to  oxidize  it,  a loss  is  sufl'ered  by  the 
manufacturer.  Every  hundred  parts  by  weight  of 
alcohol  require  for  oxidation  sixty-nine  parts  of  oxy- 
gen, producing  one  hundred  and  ten  parts  of  acetic 
acid  and  sixty  parts  of  water. 

In  every  instance  where  alcohol  or  fermented  alco- 
holic liquors  are  acetified,  the  principle  of  the  conver- 
sion is  the  combustion  of  the  alcohol  of  those  hquors, 
by  combining  with  oxygen.  It  has  been  stated  that 
spongy  platinum  induces  this  change  in  regard  to 
alcohol,  but  the  same  result  is  attamed  when  other 
alcoholic  hquids  are  exposed  to  the  air  at  a slightly 
elevated  temperature,  in  contact  with  a body  in  the 
state  of  fermentation,  and  in  several  other  ways — 
whieh  change  has  been  called  the  acetous  fermentation. 
In  this  manner,  wine,  brandy,  beer,  and,  in  fact,  all 
hquids  which  imdergo  the  vinous  fennentation,  are  con- 
verted into  solutions  of  acetic  acid ; and  many  hquids 
apparently  pass  at  once  into  the  acetous  fermentation, 
especiaUy  those  eviscerating  a quantity  of  mucilage, 
and  very  httle  sugar.  Alcohol  in  a pure  state  does  not 
suSer  the  acetous  fermentation,  but  if  it  contain  vegetal 
matter,  a metamorphosis  occurs  on  its  exposure  to  the 
air ; hence  the  cause  of  the  souring  of  wines,  and  the 
reason  why  weak  ones  do  so  sooner  than  strong,  the 
former  containing  httle  spfrit  and  much  vegetal  matter, 
wtule  4vith  the  latter  the  case  is  contrariwise.  If  the 
vinous  fermentation  has  completely  ceased  in  those 
hquids,  subsequently  clarified,  when  exposed  to  the  air 
at  an  elevated  temperature  they  do  not  acetify ; but  if  a 
ferment,  in  the  shape  of  yeast,  honey,  or  strong  vinegar, 
should  be  added  to  such  hquors ; then,  on  the  applica- 
tion of  slight  heat  with  access  of  atmospheric  air,  the 
mtestme  motion  commences. 

In  ah  cases  of  acetous  fermentation,  where  a quantity 
of  hquid  is  exposed  to  the  air,  oxidation  takes  place 
at  the  surface  only,  and  this  occasions  the  conversion 
of  their  alcohol  into  acetic  acid  to  extend  over  several 
weeks,  or  even  months.  Heat  very  much  accelerates 
the  change,  inasmuch  as  a portion  of  the  alcohol  is 
converted  into  vapor,  and  this,  carrying  with  it  some 
of  the  ferment,  in  a state  of  eremacausis,  communicates 
the  same  property  to  the  vapor  likewise,  and  acetic 
acid  results;  besides,  imperceptible  currents  form  in 
the  liquids,  by  which  fresh  surfaces  are  always  exposed 
till  the  work  is  completed.  Spiritous  liquors,  on  being 
exposed  to  the  air  in  a state  of  fermentation,  or  with 
a ferment  added  to  them,  though  ever  so  clear  at 
the  first,  speedily  become  turbid,  and  shmy  filaments 
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iippear  tlirough  the  solutions,  which  gradually  adhere 
and  rise  as  a spume  to  the  surface.  When  this  spume 
incrassates,  it  precipitates  to  the  bottom  of  the  vessel, 
and  is  called  mother  of  vinegar.  Duiing  the  formation 
of  this  body  an  elevation  of  temperature  is  observed,  a 
peculiar  aromatic  odor  is  evolved,  and  an  acid  reaction 
acquired ; and  towards  the  end  of  the  operation,  the 
temperature  falls  to  about  that  of  the  surrounding  air, 
the  liquor  clarifies,  and,  when  it  is  siphoned  off,  consti- 
tutes the  Avell-known  liquid,  Vinegar. 

Before  entering  upon  the  manufacture  of  vinegar,  it  is 
deemed  advisable  to  introduce  the  remarks  of  Dr.  Ure 
relative  to  the  acetous  fermentation.  They  are  clear 
and  erudite,  and  may  at  some  time  or  other  prove  ser- 
viceable to  the  consulter  of  these  volumes. 

Hitherto  it  has  been  generally  imagined,  that  the 
formation  of  vinegar  is  accomphshed  by  a peculiar 
fermentation,  which  has  been  called  the  acetous,  in 
contradistinction  to  the  vinous,  the  panary,  the  putre- 
factive, et  cetera.  But  this  doctrine  is  doubtful.  The 
experiments  serving  as  its  basis,  and  which  should 
reveal  the  natine  of  its  peculiar  ferment,  as  also  the 
chemical  reactions  taking  place  in  its  progress,  aU 
seem  to  place  this  phenomenon  somewhat  out  of  the 
sphere  of  fermentation,  properly  so  called.  Every  fer- 
mentation operates  by  resolving  a body  into  compounds 
less  complex  than  itself.  But  the  so-called  acetic  fer- 
mentation serves  to  combine,  on  the  contrary,  two 
bodies,  namely,  alcohol  and  aldehyde,  with  the  oxygen 
of  the  air ; and  this  is  the  only  case  where  fermentation 
produces  such  an  action,  which  is  a true  combustion. 

Yet  it  must  be  confessed,  that  the  acetic  seems  to 
possess  all  the  characters  of  the  other  fennentations ; 
videlicet,  the  union  of  an  organized  body,  or  ferment, 
with  a fermentable  organic  matter.  The  former  is  found 
ill  that  spumous  substance  called  mother  of  vinegar, 
and  which  is  seen  floating  on  the  smface  of  vinegar  in 
the  act  of  its  generation.  With  the  acid  fermentation 
it  begins  to  appear,  and  it  continues  to  be  formed 
during  its  whole  progress.  It  is  at  first  a pellicle,  com- 
posed of  globules  much  more  minute  than  those  which 
constitute  yeast ; and  they  are  often  irregularly  grouped. 
The  pellicle  becomes  afterwards  thicker  in  body  and 
consistence,  exhibits  more  distinct  granular  forms,  and 
acquires  a tendency  to  be  distributed  in  strips  or  narrow 
bands.  Of  the  reproduction  of  these  globules  the  mode 
is  quite  unknown,  but  they  seem  somewhat  akin  to 
the  slimy  deposit  of  sulphurous  mineral  waters,  called 
baregine. 

If  the  study  of  the  acetic  ferment  be  mysterious,  it  is, 
nevertheless,  clear  that  the  conversion  of  alcohol  into 
vmegar  never  takes  place,  m the  common  process,  with- 
out the  presence  of  an  albuminous  substance,  and  of 
the  conditions  favorable  to  aU  fermentations,  besides  the 
necessary  access  of  air,  not  only  at  the  commencement 
— as  suffices  for  the  vinous— but  during  aU  its  course. 
Hence  every  weak  spirituous  hquor,  which  contains  an 
albuminous  matter  or  any  ferment,  may,  with  contact 
of  air,  and  a temperature  of  from  60°  to  90°  Fahr.,  give 
birth  to  vinegar.  If  the  mixture  be  too  rich  in  alcohol, 
or  if  the  nitrogenized  matter  be  absent,  or  if  the  rem- 
perature  be  much  above  or  below  these  two  points, 
the  phenomenon  of  acetification  ceases.  There  are. 
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therefore,  several  indications  of  the  existence  of  a pecu- 
har  vinegar  fermentation ; though  it  should  be  observed, 
that  the  production  of  lactic  acid — as  from  fermenting 
cabbage,  starch,  et  cetera — ^has  sometimes  misled  che- 
mists into  the  belief  of  an  acetic  fermentation.  The 
Editor  wUl,  on  this  account,  point  out  briefly  the  dis- 
tinction between  the  two  processes. 

The  acetic  fermentation  requires  the  presence  of 
ready-formed  alcohol  and  the  ah;  the  lactic,  on  the 
contrary,  proceeds  with  starchy  or  saccharine  mixtures, 
without  the  intervention  of  alcohol  or  of  atmospheric 
oxygen ; and,  when  once  begxm,  it  ’wUl  go  on  of  itself. 
Acetification  presents,  moreover,  a striking  analogy 
with  the  phenomenon  of  nitrification,  in  the  necessity 
of  an  elevated  temperature,  and  the  influence  of  porous 
bodies  to  divide  the  particles  of  the  liquids  and  the 
ah.  Gaseous  ammonia,  for  example,  mixed  with  oxy- 
gen, when  passed  through  a tube  containing  spongy 
platinum  shghtly  heated,  becomes  nitric  acid ; when 
sulphurous  acid  gas  and  oxygen  are  passed  through  hot 
pmnice  stone,  they  become  sulphuric  acid ; and  when 
Hme  or  potassa,  diffused  through  porous  matter,  is 
placed  in  contact  with  ammoniacal  emanations  in  the 
artificial  niti'e  beds  or  nitrifiable  soils,  nitrate  of  hme  or 
potassa  is  formed.  In  like  manner,  under  the  influence 
of  spongy  platinum,  alcohol  and  ah  may,  by  a true 
oxidizement  of  the  etherous  part  of  the  alcohol,  produce 
aldehyde,  which  passes  afterwards  into  acetic  acid  and 
water ; as  is,  hereinafter,  represented ; — 

Thus  alcohol,  C4  Hg  0,  HO  = C4  H4  0,  -j-  Hj  O 


Plus  two  of  oxygen, 0 0 

Equal  aldehyde,  C4  H4  0,,,  4-  Ho  0.,  = 2 HO, 

Plus  two  of  oxygen, 0, 

Equal  acetic  acid, .......  C4  H4  O4  -|-  2 HO  = C4  H,  O3  -)- 

[3  HO. 


Donovan  gives  some  interesting  details  upon  the 
phenomena  of  the  acetous  fermentation,  and  as  they 
differ  in  the  main  point  from  those  of  otlier  chemists, 
extracts  from  them  are  appended,  with  a few  observa- 
tions by  the  Editor,  showing  how  far  they  may  be  rehed 
upon. 

With  regard  to  the  theory  of  the  acetous  fermenta- 
tion, and  the  formation  of  vinegar,  httle  is  certainly 
known.  It  may  be  admitted  as  a fact,  that  it  is  almost 
exclusively  the  alcohol  of  the  fermented  liquor  which  is 
changed  into  acetic  acid ; and  the  query  is, — What  is 
the  nature  of  the  transformations  ? Lavoisier,  finding 
that  oxygen  is  absorbed  during  acetification,  concluded 
that  its  presence  and  absorption  are  mdispensably 
necessary ; that  the  oxygen  enters  into  the  composition 
of  acetic  acid ; that  acetic  acid  is  alcohol  plvis  oxygen : 
and  that  the  change  effected  by  the  acetous  fermenta- 
tion is  the  oxidation  of  the  alcohol.  But  the  facts 
stated  by  Saussure  tend  to  prove,  that  the  oxygen 
absorbed  during  the  acetous  fennentation  does  not  enter 
into  combination  with  the  alcohol ; but  acts  the  very 
different  part  of  abstracting  some  of  its  carbon,  combin- 
ing with  it,  and  thus  forming  carbonic  acid,  which  tlien 
remains  a separate  compound,  either  exhaling  or  re- 
maining mechanically  mixed  with  the  resulting  liquor. 
Vauquelin  conceived  that  the  ferment  takes  both  hy- 
drogen and  carbon  from  the  aleohol,  leaving  therefore  an 
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increased  ratio  of  oxygen,  and  thus  converting  it  into 
acetic  acid,  while  ammonia  and  an  oily  substance  are 
formed;  but  the  production  of  these  two  compounds 
seems  not  to  have  been  ascertained. 

Theories  have  also  been  brought  forward  to  account 
for  the  formation  of  vinegar  during  the  acetous  fermen- 
tation, founded  on  the  belief  that  the  agency  of  the 
oxygen  absorbed  is  to  remove  carbon  and  hydrogen 
from  the  alcohol,  by  the  formation  of  carbonic  acid  and 
water ; for  it  is  known  that  acetic  acid  contains  less 
carbon  and  hydrogen  than  alcohol.  A theory  of  this 
kind,  however,  has  to  contend  with  the  fact,  that  al- 
though oxygen  is  sometimes  absorbed  during  the 
acetous  fermentation,  and  carbonic  acid  formed,  this 
absorption  seems  to  be  effected  by  some  other  carbona- 
ceous matter  present  in  the  hquor,  and  not  by  the 
carbon  of  the  alcohol : for,  were  this  the  case,  the 
absorption  of  oxygen  would  be  indispensable;  yet 
vinegar  may  be  formed  perfectly  and  with  ease,  even 
though  the  access  of  air  he  totally  prevented.  This 
fact  is  proved  by  many  instances.  Becchek  included 
wine  in  a glass  bottle,  which  it  filled,  and  hermetically 
sealing  the  mouth,  he  exposed  it  to  a digesting  heat ; 
after  some  time  the  wine  was  converted  into  very  strong 
vinegar. 

Fourckoy  and  Vauquelin  obtained  vinegar  from 
a solution  of  sugar  contained  in  close  vessels.  Homberg 
included  good  wine  in  a bottle,  and,  having  closed 
it  accurately,  he  fastened  it  to  the  sail  of  a wind-mill : 
in  three  days  it  was  very  good  vinegar.  It  is  a fact 
weU  known  to  every  one,  that  a bottle  filled  with 
weak  beer,  and  closely  corked,  will  in  some  time  be 
converted  into  vinegar.  It  may  be  said  that  air  was 
absorbed  through  the  cork;  but  this  could  scarcely 
happen,  for  after  a cubic  inch  or  two  of  oxygen  would 
thus  be  absorbed,  the  neck  of  the  bottle  would  be  filled 
with  nitrogen,  and  there  being  now  no  longer  the  aid 
of  a partial  vacuum,  it  is  hard  to  conceive  how  air  could 
enter.  But  the  experiment  of  Beccher  seems  to  me 
irrefragable ; and  I think  we  are  bound  to  admit,  that 
the  absorption  of  oxygen  during  the  formation  of  vine- 
gar is  incidental,  not  necessary. — Donovan. 

Beccher  states  that  the  bottled  wine  was  converted 
into  very  strong  vinegar  merely  by  exposing  it  to  a 
digesting  heat.  The  strength  of  the  vinegar  is  not 
stated.  It  is  well  known  that  wine  and  other  liquors 
include  several  cubic  inches  of  atmospheric  air,  and  it 
was  no  doubt  the  oxygen  of  this,  aided  by  the  heat,  that 
produced  the  acetic  acid.  The  wine  must  have  con- 
tained upwards  of  twelve  per  cent,  of  alcohol;  now 
vinegar  containing  two  or  three  per  cent,  of  acetic  acid 
is  considered  good,  and  the  Editor  has  no  hesitation  in 
saying,  that  there  was  sufficient  oxygen  in  the  wine  used 
by  Beccher  to  produce  vinegar  of  the  above  strength ; 
therefore,  this  experiment  does  not  at  all  do  away  with 
the  opinion,  that  air  or  oxygen  is  necessary  for  the 
conversion  of  alcohol  into  acetic  acid.  The  same 
reasoning  will  apply  to  Homberg’s  experiment.  The 
agitation  his  wine  received  on  the  sail  of  the  windmill, 
would  induce  the  combination  of  the  alcohol  with  the 
oxygen  contained  in  the  hquid  and  that  absorbed 
through  the  cork.  Did  not  the  wine  in  Beccher  and 
Homberg’s  experiments  contain  a large  quantity  of 


spirit  after  being  submitted  to  the  agitation  and  digest- 
ing ? If  so,  the  deductions  drawn  by  the  Editor  infal- 
hbly  prove,  that  oxygen  is  necessary  for  the  conversion 
of  alcohol  into  acetic  acid. 

Vinegar  is,  according  to  the  nature  of  the  sources 
whence  it  is  obtained,  classed  into  several  varieties.  Of 
these  the  chief  kinds  are  wine  vinegar,  sugar  vinegar, 
malt  vinegar,  wood  vinegar,  and  fruit  vinegar,  depen- 
dent, however,  upon  the  presence  of  acetic  acid  as 
the  first  active  principle,  although  they  each  possess  a 
flavor  and  aroma  pecuhar  to  themselves ; and  on  this 
account  preference  is  given  to  some  kinds  of  vinegars. 
All  are  produced  by  the  acetous  fermentation,  except 
wood  vinegar. 

WINE  VINEGAE. — Weinessig,  German ; Vinaigre, 
French. — This  species  of  vinegar  is  chiefly  fabricated 
in  wine-growing  locahties,  or  where  grapes  are  abundant, 
the  principal  factories  being  at  Orleans  in  France.  The 
building  where  the  work  is  carried  on  is  called  a vinai- 
grerie,  and  has  always  a southern  aspect.  The  casks, 
called  mothers,  which  are  employed,  hold  from  fifty  to 
one  hundred  gallons,  and  rest  upon  strong  wooden 
frames,  supported  by  pillars  of  wood  or  stone  of 
eighteen  inches  in  height.  Several  such  casks  are 
placed  in  rows,  and  when  acetification  is  carried  on 
in  the  open  air,  eight,  ten,  fifteen,  or  twenty  such 
ranks  constitute  what  is  termed  a vinegar-field.  Two 
holes  are  bored  in  the  upper  surface  of  the  front  end 
of  each  cask;  the  larger  serves  to  charge  the  cask 
with  wine,  as  also  to  draw  off  the  vinegar  when  formed,- 
and  the  smaller  allows  an  influx  or  efflux  of  air  as  the 
cask  is  emptied  or  charged.  The  chief  aim  of  tlie  per- 
son who  wishes  to  caiTy  on  a vinegar  factory,  is  to  have 
a good  fermenting-room,  where  the  wines  are  exposed 
to  an  even  temperature,  having  a copious  supply  of 
atmospheric  air  and  moderate  ventilation — the  air-holes 
for  this  purpose  being  constructed  so  as  to  admit  of 
being  closed  in  windy  weather,  or  when  the  tempera- 
ture of  the  room  is  depressed.  The  walls  of  the  apart- 
ments are  of  brick,  or  such  non-conducting  material, 
and  lined  with  lath  and  plaster. 

Low-roofed  apartments  are  the  most  suitable ; when 
there  is  a high  ceiling  it  is  necessary  to  elevate  the 
mothers,  in  order  tliat  they  may  occupy  the  higher 
strata  of  warm  air — this  trouble  is  dispensed  with 
when  the  roofs  are  low.  Experience  has  pointed  out, 
that  in  high-roofed  apartments,  where  the  tuns  are 
placed  at  different  levels,  the  uppermost  work  off 
quicker  and  better  than  the  others.  In  the  event  of 
new  mothers  or  vessels  being  used,  it  is  needful  to  fill 
them  one-third  fuU  mth  the  strongest  vinegar  at 
a boiling  temperature.  This  forms  the  stock,  or  true 
mother ; the  charges  of  wine  added  each  ti  me  are  two 
and  a half  gallons  to  every  cask,  and  an  interval  of 
eight  days  is  allowed  for  the  acetification  of  each  charge, 
before  adding  another  of  fresh  wine.  This  treatment 
is  continued — of  charging,  and  allowing  eight  days  to 
work  it  off — till  the  casks  are  more  than  half  full.  One- 
third  of  the  contents  of  each  mother  is  then  siphoned 
off — in  some  factories  only  ten  gallons — and  run  into 
the  store  tvms,  and  the  process  repeated  anew  of  charg- 
ing every  eight  days  till  the  mothers  are  refilled,  as 
before.  Some  manufacturers  do  not  suffer  the  vine- 
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gar  to  remain  in  the  mothers  till  they  are  two-thirds 
full,  but  siphon  off,  at  the  end  of  every  sixth  or  eighth 
charge,  twelve  or  fifteen  gallons  of  vinegar.  The  mothers 
should  never  be  charged  with  more  than  the  above 
quantity,  in  order  to  carry  on  a steady  and  efficient 
mode  of  acetification.  Occasionally  it  happens  that 
eight  days  are  not  sufficient  to  finish  every  charge ; this 
is  more  unaccountable  from  the  fact,  that  the  backward 
casks  receive  the  same  amount  of  care,  and  have  the 
same  temperature,  as  those  which  work  well.  It  often 
occurs  that  the  casks  in  the  warmest  part  of  the  room 
are  those  which  are  backward,  or  lazy,  as  they  are 
termed.  In  this  event,  nothing  remains  but  to  empty 
such  mothers  of  their  contents  and  fill  them  with  hot 
strong  vinegar,  when,  on  adding  fresh  charges,  the 
acetous  fermentation  recommences,  and  goes  on  as 
briskly  as  in  the  rest.  Sometimes  fresh  quantities 
of  a stronger  wine,  and  an  increase  of  temperature, 
are  supplied,  to  quicken  the  fermentation  in  such 
casks — which  mode  is  often  successful : the  laziness 
of  the  mothers  is  attributed  to  very  vague  and  imsatis- 
factory  causes,  some  regarding  it  as  the  effect  of  the 
electrical  state  of  the  casks  and  liquid. 

It  has  been  recommended  to  isolate  the  mothers  as 
much  as  possible,  and  to  use  httle  or  no  iron  in  the 
construction  of  the  casks.  To  ascertain  if  the  liquor  has 
fermented,  the  foUo^ving  experiment  is  resorted  to.  A 
wliite  rod,  bent  at  one  end,  is  plunged  into  the  mothers, 
and  drawn  out  in  a horizontal  direction ; if  the  rod  be 
covered  with  a thick  white  froth— flowers  of  vinegar — 
the  operation  is  said  to  be  terminated ; if  the  froth  be 
reddish-brown  more  wine  is  added,  and  the  temperature 
increased  till  the  whole  is  acetified.  In  summer  the 
natural  heat  is  sufficient,  but  in  winter  the  mothers  are 
heated,  by  means  of  a stove,  to  about  80°  Fahr.  The 
prevailing  temperature  should  range  between  75°  and  80° 
Fahr.  When  proper  attention  has  been  paid  to  the  manu- 
facture, the  mothers  usually  work  off  double  their  contents 
of  vinegar  annually.  The  precipitation  of  the  insoluble 
matters  of  ferment,  the  accumulation  of  mother  of  vine- 
gar, and  the  deposit  of  tartar  from  the  \vine,  fill  the  casks 
to  such  an  extent  that  it  is  indispensable  to  empty  the 
whole  of  them,  and  free  them  from  these  deposits  every 
six  or  eight  years — and  often  the  entire  factory  needs 
renovation,  as  was  the  case  with  a malt  vinegar  one  in 
Liverpool,  which  the  Editor  recently  inspected ; but 
good  casks  will  last  for  a period  of  twenty-five  years. 
The  wine,  if  it  be  ropy,  is  introduced  into  a large  tun 
filled  with  beechwood  shavings,  through  a funnel  open  - 
ing in  the  cover,  and  allowed  to  repose  for  some  time, 
whence  it  is  afterwards  drawn  off  by  a tap  in  the  lower 
part  of  the  tun,  and  supplied  to  the  mothers  as  required. 
Frequently,  when  weak  \vines  are  employed,  from  the 
proportionably  large  amount  of  vegetal  matter  they 
contain,  it  happens  that  the  resulting  vinegar  is  ropy 
and  tm-bid ; in  these  instances,  it  is  necessary  to  pass 
it  through  the  clarifying  or  fining  tun,  and  the  advantage 
of  having  an  average  vinegar  is  gained. 

' The  old  method,  introduced  by  Boeriiaave,  is  still 
practised  in  Holland,  in  France,  and  on  the  Rhine.  Two 
large  tuns  or  vats,  about  nine  feet  high  and  four  feet  in 
diameter,  are  supported  on  stands,  about  twelve  inches 
from  the  floor.  Within  one  foot  from  the  bottom  of  each 
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vat  is  a perforated  bottom  or  wooden  gi'ate,  resembling 
that  of  a riddle ; on  this  a quantity  of  fresh  cuttings  from 
the  vine,  willow  Dvigs,  et  cetera,  is  placed,  and  pressed 
closely  together,  the  remainder  of  the  vats  being  filled 
\vith  rapes — the  footstalks  of  the  grapes — and  other  light 
branches.  Both  vats  are  left  open  for  the  admission  of 
the  extrinsic  air.  They  are  then  charged  with  wine ; 
one  is  completely  filled,  the  other  only  half.  The  two 
are  left  at  rest  for  twenty-four  hours  at  75°  Fahr.,  after 
which  the  half-fiUed  vat  is  replenished  from  that  already 
fuU,  tin  the  latter  contains  only  half  its  contents  of 
liquor;  twenty-four  hours  elapse  before  the  hquid  is 
retransferred  from  the  filled  to  the  half-filled  vat. 

The  process  of  transfeiving  the  liquid  into  the  vats 
alternately,  is  repeated  every  twenty-four  hours  until 
the  vinegar  is  made.  Towards  the  third  or  fourth  day 
an  internal  effervescence  is  observed  in  the  half-filled 
vat,  which  is  accompanied  by  a sensible  elevation  of 
temperature,  increasing  gradually  each  successive  day. 
On  the  other  hand,  the  temperature  and  fermenting 
action  of  the  filled  vat  are  but  sluggishly  progressing, 
so  that  the  intestine  motion  takes  place  only  on  alter- 
nate days  in  each  vat.  The  completion  of  the  process 
is  known  by  the  decreased  temperature  and  abated 
action  even  in  the  half-filled  vat.  The  vinegar  is  then 
draw  off  into  casks,  and  left  in  a cool  situation  till  it 
clarifies.  During  summer,  the  time  occupied  is  fifteen 
days ; but  in  winter  the  acetification  extends  over  a 
longer  period.  The  temperature  of  the  half-empty  vat 
should  never  exceed  80°  Fahr. ; if  it  rises  to  84°,  the 
liquor  is  to  be  transferred  every  twelve  hours,  and  an 
oaken  cover  placed  on  the  haffifiUed  vat  in  order  to 
check  the  fermentation,  otherwise  the  aldehyde,  or  half- 
made  vinegar,  will  be  dissipated,  and  only  a vapid  fluid 
remains,  sour,  but  effete.  If  the  whole  be  kept  at  83°, 
and  the  menstraum  transferred  every  twelve  hours,  the 
acetification  rviU  be  effected  in  eight  or  ten  days.  Ac- 
cording to  Dumas,  the  best  French  vinegar  is  made  of 
good  wine,  which  is  put  into  a cask  already  containing 
vinegar,  and  to  which  atmospheric  air  has  constant 
access.  As  acetification  proceeds,  more  wine  is  added 
at  intervals,  and  when  the  whole  has  become  vinegar, 
it  is  drawn  off  to  the  amount  of  the  wine  used,  and  the 
process  is  repeated.  Its  strength,  flavor,  and  color, 
depend  upon  the  characters  of  the  wine  employed. 
The  temperature  of  the  factory  is  maintained  at  86°. 

Mulder,  the  celebrated  chemist  of  Utrecht,  has 
given  a very  interesting  account  of  the  vinegar  mother 
or  ferment  — My  coderma  aceti  — which  the  Editor 
appends : — It  is  self-evident,  says  Mulder,  that  the 
origin  of  organized  beings  from  non-organized  sub- 
stances, must  depend  upon  a transmutation.  Re 
searches  for  the  purpose  of  explaining  this  point  nusl 
evidently  proceed  from  tlie  most  simple  case : such  a 
case  is  the  formation  of  the  so-called  vinegar  mother, 
a plant  originating  in  the  vinegar,  and,  in  fact,  at  the 
expense  of  its  constituents.  This  cryptogamous  vege- 
tal may  justly  be  regarded  as  one  of  the  most  simple 
vegetal  formations,  and  belongs  rather  to  the  Fungi 
than  to  the  Algoe.  Fruit-bearing  organs,  with  globular 
sporidia,  could  never  be  detected  in  this  species  which 
grows  in  the  vinegar — Mycoderma  vini  and  Mycoderma 
cerevisicB,  which  probably  constitute  one  species.  It 
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does  not  originate  in  wood  vinegar,  but  always  in  wine 
and  beer  vinegars,  causing  whole  vats  of  it  to  pass  into 
water.  The  vinegar  mother  is  also  often  found  in 
vinegar  in  which  organic  substances  have  been  pre- 
served ; however,  these  substances  contribute  nothing 
to  the  development  of  the  mould  plant,  they  only 
further  the  origin  of  a germ,  a cell,  which  separates  from 
the  mass,  and  now,  as  a germ,  forms  a plant  from  the 
elements  of  the  acetic  acid. 

From  wine  vinegar,  in  which  totally  different  sub- 
stances have  been  preserved,  the  very  same  species  of 
Mycoderma  was  developed,  the  same  organized  struc- 
ture, the  same  mould  plant,  identical  in  form  and  in 
chemical  composition. 

The  principal  constituents  of  the  wine  vinegars  are, 
acetic  acid,  C^  H,  O3,  and  water,  H 0.  They  contain 
also  some  salts,  a small  quantity  of  sugar,  gum,  and 
extractive  substance,  and,  above  aU,  some  protein, 
derived  from  the  albumen  of  the  grapes,  dissolved  in 
the  acetic  acid.  In  vinegar  in  which  vegetal  substances 
— for  instance,  gherkins,  cherries,  et  cetem— have  been 
preserved,  the  quantity  of  the  protein  may  be  increased 
from  these  vegetals ; but  that  this  is  not  requisite,  is ' 
evident  from  the  formation  of  the  vinegar  mother  in 
pure  wine  or  beer  vinegar.  The  ahments  of  this  vege- 
tal mould  are,  therefore,  Hg  O3,  II  0,  and  H,,  Ng 
0,3. 

Now,  these  constituents  are  found  to  be  grouped  in 
a very  simple  manner  in  the  plant,  while  both  protein 
and  acetic  acid  disappear  from  the  liquid;  moreover, 
the  plant  contains  nothing  else,  and  we  are,  therefore, 
able  to  follow  chemically  the  transformation  of  acetic 
acid  and  protein  into  a plant. 

It  is  not  less  remarkable,  that  the  plant  has  always 
the  same  chemical  composition;  and  die  organization, 
consequently,  requires  a definite  proportion  of  acetic  acid 
and  protein,  the  latter  of  which  remains  unaltered,  while 
the  former  yields  a cellular  substance  under  absorp- 
tion of  water.  The  new  product  of  the  acetic  acid 
combines  in  atomic  proportions,  just  as  well  as  the  for- 
mation of  gypsum  from  carbonate  of  lime  and  sulphuric 
acid. 

The  vegetal  mould  examined  by  Mulder  was  taken 
from  vinegar  in  which  some  substances  had  been  kept. 
Although  always  wine  vinegar,  the  samples  were  of 
various  origin,  and  had  preserved  the  following : — 

No.  I.,  Currants. 

No.  II.,  Cucumbers. 

No.  III.,  Gherkins. 

In  the  last  it  formed  very  rapidly.  The  first  traces 
of  it  were  observed  five  days  after  placing  the  sub- 
stances in  the  vinegar ; on  removing  the  first  crust,  the 
second  formed  in  the  course  of  a week,  and  so  on  for 
the  five  subsequent  weeks,  always  a new  one,  although 
the  vessel  was  well  closed.  The  strength  of  the  acetic 
acid  decreased  more  and  more,  until,  at  last,  only  water 
remained : all  these  crusts  had  the  same  properties. 
The  species  of  Mycoderma  examined,  always  lormed 
a coriaceous  membrane,  more  or  less  elastic,  saturated 
with  vinegar,  and  of  a white  color,  except  that  from  the 
vinegar  of  the  currants,  which  was  reddish.  By  knead- 
ing and  pressing,  the  membrane  becomes  void  of  taste 
and  smell.  Neither  water  nor  alcohol  dissolves  any- 


thing from  it  by  boiling.  On  incineration,  it  does  not 
leave  the  slightest  trace  of  ash ; submitted  to  destruc- 
tive distillation  it  affords  much  carbon,  and  an  acid 
liquid  distils  over,  from  wliich  potassa  liberates  ammo- 
nia. It  is  not  altered  by  cold  strong  sulphuric  acid ; 
but  in  the  heat  it  becomes  first  red,  then,  under  decom- 
position of  the  sulphuric  acid,  brown,  and  lastly,  black. 
Concentrated  nitric  acid  colors  it  yellow,  and  on  the 
application  of  heat  it  dissolves  very  slowly  in  it ; hydro 
chloric  acid  has  no  sensible  action  upon  it;  strong 
acetic  acid  takes  up,  when  boiled  with  it,  some  protein, 
the  presence  of  which  can  be  demonstrated  by  ferro- 
cyanide  of  potassium. 

When  weU  purified  with  water  and  alcohol,  it  ceases 
to  lose  any  more  weight  at  from  248°  to  275°  Fahr. 
The  analysis  of  tlie  three  kinds  gave : — 


I.  II.  III.  Tlieory. 

Carbon, 46-75  ..  46-89  ..  46-89  ..  46-60 

Hydrogen, 6-51  ..  6-52  ..  6-50  ..  6-40 

Nitrogen,  — . . — . . 3-87  . . 3-96 

Oxygen, — . . — . . 42-74  . . 43-04 


100-00  100-00 

By  long  digestion  with  potassa,  and  continued  boiling 
with  acetic  acid,  the  whole  of  the  protein  may  be 
extracted,  leaving  pure  cellulose,  which  is  not  com- 
bined with  any  other  body.  This  cellulose,  which  was 
examined  by  Payen  and  others,  has  the  formula, 
Hgj  Ogj,  or  that  of  the  solid  modification  of  inulin, 
which  Rosri  obtamed  as  a white  precipitate  during 
the  cooling  of  a strong  decoction  of  elecampane  root. 
Payen  procured  it  from  the  grated  root  of  the 
dahlia. 

By  following  the  mode  of  formation  of  the  plant  from 
the  vinegar,  the  first  thing  observed  is,  tliat  the  pro- 
tein which  was  present  in  the  vinegar  as  albumen 
from  the  grape,  passes  from  the  dissolved  state  into  a 
solid,  synchronously,  assuming  an  organic  form.  On 
employing  wood  vinegar,  the  protein  must  be  furnished 
by  the  vegetal  substances  which  had  been  preserved  in 
it ; but,  as  above  stated,  pure  wine  vinegar  also  pro- 
duces vinegar  mother ; the  cellulose,  therefore,  can  have 
originated  solely  from  the  acetic  acid. 

C4  Hg  O3  X 6 -f-  3 II  0 “ C24  Hgi  Ogi* 

Acetic  acid.  Cellulose. 

MALT  VINEGAR. — Malz-  Getreide-oder-Bieressig, 
German. — ^In  this  country,  the  cliief  part  of  the  vine- 
gar is  made  from  malt  wash,  or  gyle,  prepared  by 
operating  upon  tlie  materials  in  the  annexed  propor- 
tions:— Six  bushels  of  good  barley  malt,  properly 
groimd,  are  mashed  with  forty  gallons  of  water  at  160° 
Fahr.,  permitted  to  repose  till  the  solid  matter  settles 
down,  the  solution  drawn  off,  and  the  residue  affused 
with  a fresh  quantity  of  water,  say  forty  gallons,  at 
180°,  well  agitated  for  a short  time,  allowed  to  settle, 
then  siphoned  off  as  before ; and  to  take  up  aU  the 
soluble  matters,  the  third  washings  may  be  performed 
with  boiling  water.  On  the  whole,  not  more  tlian 
one  Inmdred  gallons  of  wash  is  to  be  used  in  extracting 
the  soluble  matters.  When  tlie  solution  has  cooled 
to  about  75°,  it  is  well  agitated  with  four  gallons  of 
yeast  of  beer ; and  after  tbirty-six  or  forty  hours,  raked 
off  into  casks,  and  placed  in  tlie  vinegar  stoves  or 


ACETIC  ACID Malt  Vinegak. 


9 


apartments,  the  temperature  of  which  should  range 
from  70°  to  77°  Fahr.  The  casks  should  be  placed 
on  their  sides,  the  bungholes  opened,  and  a circulation 
of  air  kept  up  in  each  cask  by  means  of  an  orifice 
bored  at  each  end  of  the  cask,  near  its  upper  edge.  Since 
the  temperature  of  the  liquid  is  somewhat  less  than  the 
surrounding  atmosphere,  in  consequence  of  the  eva- 
poration at  tlie  surface,  an  efifiux  of  cold  air  takes  place 
at  the  holes  while  the  warm  air  enters  at  the  bung,  and 
thus  a constant  current  is  kept  up.  Frequently  this 
manufacture  is  effected  by  fielding ; the  casks  rest  on 
strong  frames,  one  foot  and  a half  high,  being  supported 
by  firm  pillars  of  brickwork  or  wood.  Six  or  eight 
rows  of  these  are  arranged  parallel  to  each  other,  with 
a narrow  walk  between  each  pair  of  rows ; a sluice  is 
placed  along  the  casks  into  which  the  vinegar  is  si- 
phoned, whence  it  flows  into  the  store  tuns  in  the 
magazine;  and  a flexible  tube,  or  hose,  supplies  the 
wash  from  the  great  tun  in  the  brewhouse.  The  bung- 
holes  are  left  open  in  dry,  and  are  loosely  covered  with 
a tile  in  rainy  weather.  One-third  of  each  mother  is  left 
empty  for  the  circulation  of  air,  so  as  to  oxidize  the 
alcohol  as  it  generates  in  the  wort.  Three  months  are 
required  to  complete  tlie  process,  and  render  the  vinegar 
marketable. 

What  constitutes  malt  is  generally  known,  but  it  may 
be  stated  here,  that  the  process  of  malting  changes  the 
character  of  the  grain,  by  converting  some  of  the  starch 
contained  in  the  barley  into  sugar,  and  facilitating  the 
similar  conversion  of  a further  portion.  This  conver- 
sion into  sugar,  called  the  saccharine  fermentation,  is 
one  of  the  important  steps  in  the  preparation  of  beer, 
whisky,  and  malt  vinegar : in  all  of  these  it  is  requisite 
that  the  starch  of  the  grain  be  converted  into  a kind  of 
sugar,  for  it  is  from  this  that  the  vinous  fermenta- 
tion produces  alcohol,  the  parent  of  vinegar.  Hence 
the  early  processes  in  an  ale  brewery,  a malt  distillery, 
and  a malt  vinegar  works,  are  similar. 

In  the  factory  about  to  be  described,  the  malt  is 
hauled  up  out  of  the  waggons  into  the  upper  floors  of 
the  brewhouse.  Here  openings,  placed  in  different 
directions,  permit  of  the  malt  being  poured  down  into 
large  bins,  whence  it  is  removed  when  a brewing  is 
going  to  commence.  Vinegar-makers  and  distillers,  as 
well  as  beer-brewers,  give  the  name  of  brewing  to  the 
extraction  of  a saccharine  hquor  from  malt.  The  quan- 
tity required  for  one  brewing  being  measured  out,  and 
taken  from  the  bins  in  sacks,  it  is  poured  through  hop- 
pers, or  funnels,  at  the  top  of  the  grinding  apparatus, 
whereby  the  malt  is  reduced  to  meal.  The  apparatus 
: consists  of  both  the  kinds  used  for  such  purposes,  vide- 

licet, millstones  and  crushing-rollers,  either  or  both  of 
which  can  be  employed  as  may  be  deemed  advisable. 
In  the  one  case,  a flat  circular  stone  rotates  and  crushes 
beneath  it  the  malt,  which  flows  between  it  and  a 
I lower  flxed  stone : in  the  other,  the  malt,  after  flowing 
through  a shoot  or  trunk  from  the  hopper,  falls  on  a 
wre  grating,  where  it  becomes  depurated.  It  then 
passes  between  two  cast-iron  rollers,  rotating  nearly  in 
contact,  by  which  means  it  is  crushed  into  fragments. 

I An  ingenious  contrivance,  says  Dodd,  invented  by 
Captain  Huddart,  is  adopted  for  yielding  to  any  hard 
stibstance  which  may  enter  between  the  rollers  and 
VOL.  I. 


the  malt,  without  injury  to  the  apparatus ; it  acts  on 
the  principle  of  stopping  the  circular  motion  of  the 
rollers  altogether,  imtil  the  cause  of  hindrance  is  re- 
moved. 

When  the  malt  is  crushed  or  groimd,  it  falls  through 
a hose  or  trunk  into  the  mash-tuns  in  the  floor  beneath. 
These  mash-tuns  are  similar  to  those  used  at  large 
breweries  and  distilleries,  but  smaller  in  size.  They 
are  circular  vessels,  with  a central  stirrer,  or  instrument 
for  keeping  in  constant  agitation  the  ingredients  con- 
tained in  the  tuns — the  stirrer  being  worked  by  a steam- 
engine.  It  is  in  these  vessels  that  the  saccharine  fer- 
mentation proceeds,  or  the  extraction,  by  the  action  of 
hot  water,  of  a sweet  or  mawkish  substance  from  the 
malt.  This  is  the  sweet  principle  which  subsequently 
yields  to  the  brewer,  his  beer;  to  the  distiller,  his 
spirit ; and  to  the  vinegar-maker,  his  acetic  acid : and 
it  may  well  be  supposed,  that  every  precaution  is  taken, 
and  every  investigation  made,  as  to  the  extraction  of 
the  greatest  quantity,  and  the  most  fltting  quality,  of 
this  important  agent.  The  quantity  of  water  required 
for  a given  quantity  of  malt,  and  the  temperature  at 
which  the  water  is  used,  vary  in  each  particular  branch 
of  manufacture,  according  to  the  strength  of  the  wort 
required.  The  arrangements  for  settling  these  are  very 
exact  and  ingenious.  Hot  water  is  let  down  upon  the 
malt  in  the  mash-tun,  when  at  the  proper  temj)era- 
ture;  and  in  order  to  adjust  this,  the  foreman  of  the 
brewhouse  ascertains,  by  the  aid  of  a thermometer,  the 
temperatm-e  of  the  water  through  a temporary  opening 
in  the  upper  part  of  the  boiler.  This  is  shown  in 
Fig.  4,  where  is  also  represented  a balance-weight  and 
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When  the  water  has  acted  on  the  malt  for  a certain 
period,  and  been  constantly  stirred  with  it,  the  hquor 
receives  the  name  of  wort,  and  is  allowed  to  flow 
through  pipes  out  of  the  mash-tuns  into  a large  cast-iron 
tank,  or  underbade,  measuring  twenty -four  feet  or  up- 
wards in  length,  by  eight  in  width.  This  is  merely  a 
general  receptacle  for  the  wort,  into  which  the  latter  is 
collected  when  the  mashing  is  completed.  Then  ensues 
the  process  of  cooling,  one  which  exhibits  many  remark- 
able differences,  as  effected  in  different  establishments. 
Large,  open,  shallow,  airy  rooms,  called  coolers,  or 
cooling -floors,  whereon  the  wort  was  poured  in  a thin 
layer,  to  be  cooled  by  the  access  of  air  on  aU  sides,  was 
formerly  the  mode  adopted  at  the  vinegar  works  now 
under  description ; a surface  of  nearly  twenty-three 
hundred  square  feet  having  been  appropriated  to  this 
purpose.  This  mode  has,  however,  been  superseded  by 
another,  in  which  one  hundred  square  feet  of  surface 
is  made  to  yield  the  effects  formerly  wrought  by  more 
than  twenty  times  that  extent.  There  is  a vessel  now 
employed  for  this  purpose,  called  a refrigerator,  which 
acts  on  the  following  principle : — The  hot  wort  is  al- 
lowed to  flow  out  of  the  underback  into  an  oblong  ves- 
sel, and  out  of  this  into  another  receptacle  in  the  same 
part  of  the  building.  A continuous  pipe,  between  three 
and  four  hundred  feet  in  length,  passes  backwards 
and  forwards  through  the  oblong  vessel,  and  through 
this  pipe  cold  water  flows  incessantly,  from  an  Artesian 
well  two  hundred  feet  in  depth.  Constant  currents 
of  wort  run  in  one  direction  through  the  apparatus, 
while  a current  of  water  in  an  opposite  direction  flows 
through  the  pipe  which  cools  the  wort. 

The  temperature  of  the  wort  may  be  cooled  even  to 
that  of  the  water  were  it  required,  either  by  increas- 
ing its  influx  and  retarding  its  efdux,  or  by  permitting  a 


Fig.  5. 


larger  quantity  of  water  to’  flow  through  the  pipe.  The 
heat  of  the  wort  is  abstracted  by  the  colder  medium 
with  which  it  is  in  contact,  so  that  the  liquid  becomes 
colder  as  it  pa.sses  to  the  exit  pipe  till  the  proper  tem- 


perature is  attained — the  flow  of  wort  and  water  being 
regulated  by  suitably  adjusted  valves,  which  admit  of 
the  proper  quantity  of  each  liquid.  Fig.  5 represents 
the  refrigerator  at  the  end  where  the  wort  enters,  and 
where  the  water  leaves  the  pipe,  after  having  performed 
its  office ; collateral  with  the  refrigerator  is  the  under- 
back. Not  only  does  this  method  require  much  less 
room  than  that  of  the  cooling-floor,  but  the  refiigera- 
tion  is  greatly  accelerated,  and  the  manufacturer  is 
rendered  independent  of  the  fluctuations  of  the  weather; 
for  his  refrigerating  agent  being  brought  from  a source 
two  hrmdred  feet  below  the  level  of  the  ground,  has, 
summer  and  winter,  nearly  the  same  temperature. 

The  reader  must  bear  in  mind,  that  the  wort  pro- 
duced is  precisely  the  same  as  that  made  by  the  beer- 
brewer  and  the  distiller,  differing  solely  in  saccharine 
strength.  It  suffers  liltewise  the  same  process  of  fer- 
mentation, subject,  of  course,  to  any  limitations  that 
may  be  required  by  its  nature.  From  the  refrigerator, 
the  cooled  wort  flows  into  \h.Q  jade-hack,  a large  circular 
receptacle  sunk  in  the  ground,  whence  it  is  pumped  up 
into  fermenting  tims.  A valuable  system  of  combina- 
tion or  centralization  is  observable  in  the  arrangement 
of  the  conducting  pipes. 

Large  vessels  are  clustered,  serving  as  a kind  of 
common  centre,  from  each  of  which  openings  lead  to 
several  other  vessels,  each  orifice  being  regulated  by 
a particular  valve ; for  example,  the  liquid  which,  in 
various  processes,  is  contained  in  the  jack-back,  has 
sometimes  to  be  transferred  to  the  fermenting  tuns,  at 
one  time  or  other  to  a large  back  or  cistern  at  the  top 
of  the  building,  and  oftentimes  to  the  copper ; still  there 
are  not  three  openings  from  the  jack-back  for  these 
several  purposes,  but  one,  which  leads  to  a three-bar- 
reled pump,  the  barrels  of  which  are  respectively 
marked  tuns,  hade,  copper ; so  that,  by  turning  one  of 
three  handles,  the  hquid  can  be  conveyed  to  either  one 
of  these.  Again,  the  back  just  alluded  to  is  placed  in 
connection  with  several  other  large  tuns  or  backs,  in 
different  parts  of  the  premises,  to  any  one  of  which  its 
contents  can  be  transferred  by  simply  turning  a handle. 
An  hexagonal  table  is  in  one  of  the  buildings,  imder  the 
surface  of  which  are  six  valves,  aU  opened  and  shut  by 
one  key.  On  each  tap  the  name  of  some  particular 
vessel  or  building  is  inscribed,  with  which  it  is  in  adu- 
nation  by  an  extensive  series  of  subjacent  pipes ; and 
the  overseer  of  this  small  piece  of  apparatus  can  control, 
in  almost  any  direction,  the  flow  of  the  liquid  under 
manufacture.  Such  a system  of  classification  is  ex- 
cellent. 

The  gyle  is  transferred  from  the  fermenting  tuns  to 
other  large  casks,  where  it  deposits,  in  course,  a kind  of 
acetous  yeast — mother  of  vinegar;  and  being  thence 
permitted  to  flow  into  the  jack-back,  it  is  drawn  up 
one  of  the  branches  of  the  three-barreled  pump  into 
the  large  vat  at  the  top ; from  this,  as  a centre, 
the  gyle  is  allowed  to  flow  into  casks,  where,  after 
a longer  or  shorter  period,  it  assumes  the  form  of 
vinegar. 

Transformation  of  the  fermented  wort  into  vinegar 
is  effected  at  the  factory  in  two  ways,  which  are  en- 
tirely opposite  in  their  manner  of  operation.  In  the 
one  case,  the  casks  containing  the  gyle  are  placed  in 
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close  rooms,  heated  to  a high  temperature ; in  the  other, 
they  are  ranged  in  rows  in  an  open  field,  where  they 
remain  many  months.  Different  as  these  methods 
seem  to  he,  yet  the  effect  produced  is  precisely  the 
same ; videlicet,  the  conversion  of  the  gyle  into  vinegar, 
by  the  process  of  acetification.  As  regards  the  conve- 
nience and  interests  of  the  manufacturer,  both  methods 
seem  to  have  their  several  advantages;  for  at  the 
vinegar  works  imder  consideration,  both  are  followed, 
although  one  occupies  a very  much  longer  period  of 
time  than  the  other. 

fielding  is  resorted  to,  it  must  be  made  during 
the  spring  months,  and  then  left  to  finish  during  several 
months  in  the  warmth  of  the  season.  Technically,  the 
other  process  is  called  staving,  and  in  this  case  the 
casks  containing  the  gyle  are  arranged  conveniently  in 
three  stove-rooms,  which  are  closed  and  locked,  and 
then  exposed  to  a certain  temperature  till  the  acetifica- 
tion is  concluded.  A cursory  visit  to  one  of  these 
apartments  readily  convinces  us  of  the  progress  of  the 
fabrication,  by  the  pungent  acetous  odor  of  its  atmo- 
sphere. 

The  fielding  method  requires  a much  larger  extent  of 
space,  and  other  utensils,  than  the  stoving,  from  the 
pecuharities  always  attendant  upon  it. 

The  casks,  as  already  described,  are  placed  in  several 
lengthy  parallel  tiers,  with  their  bung-side  upwards,  and 
left  open.  Beneath  some  of  the  paths  which  separate 
the  rows  of  casks,  are  pipes,  communicating  with  the 
back  at  the  top  of  the  brewhouse ; and  in  the  centre 
of  each  of  these  paths  is  a valve,  or  opening  into  the 
concealed  pipe.  When  the  casks  are  about  to  be 
filled,  a flexible  hose  is  screwed  on  to  this  valvular 
opening,  the  other  end  of  the  hose  being  inserted  into 
the  bung-hole  of  the  cask,  and  the  liquor  in  the  gyle- 
back  at  the  brewhouse,  by  its  hydrostatic  pressure,  flows 
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through  the  underlying  pipe  and  hose  into  the  cask. 
The  hose  is  so  long  as  to  admit  of  reaching  to  all  the 
casks  in  the  same  row,  from  the  valve,  and  is  guided 
by  a workman,  as  is  seen  in  Fig.  6.  After  due  time 


the  vinegar  is  made,  and  is  drawn  off  by  the  follow- 
ing ingenious  operation.  A long  trough  or  sluice  is 
laid  by  the  side  of  one  of  the  rows  of  casks,  into 
which  the  vinegar  is  transferred  by  means  of  a si- 
phon, whose  shorter  limb  is  inserted  in  the  bung-hole 
of  the  cask.  The  trough  inclines  a little  from  one  end 
to  the  other,  and  its  lower  end  rests  on  a kind  of  travel- 
ing tank  or  cistern,  wherein  the  vinegar  from  several 
casks  is  collected.  A hose  descends  from  the  tank  to 
the  open  valve  of  an  underground  pipe,  that  terminates 
in  one  of  tlie  buildings  or  stores ; and  by  the  agency  of 
a steam-boiler  and  machinery  in  the  adjacent  buildings, 
the  pipe  is  exhausted  of  its  air,  and  this  causes  the  vine- 
gar to  flow  through  the  hose  into  the  valve  of  the  pipe, 
and  thence  into  the  factory  buildings.  By  this  arrange- 
ment the  whole  of  the  vinegar  is  drawn  off,  and,  as  if 
it  were,  invisibly.  This  arrangement  is  partly  seen  in 
the  engraving.  From  the  storehouse  where  the  vine- 
gar is  received,  it  is  pumped  into  the  refining  or  rape 
vessels,  and  filtered,  to  separate  mucilaginous  matter. 
These  vessels  are  often  filled  with  wood  shavings,  straw, 
or  spent  tanners’  wood,  but  none  of  them  acts  as  a sub- 
stitute for  the  stalks  and  skins  of  the  grapes — rapes — 
in  producing  by  filtration  a bright  vinegar. 

It  is  a matter  oi  difficulty  to  collect  a pro{)er  stock  of 
rapes,  to  supply  a filtering  medium  for  a large  vinegar 
work,  when  several  huge  refiners  are  in  operation ; and, 
when  once  collected,  no  part  of  the  materials  relating 
to  the  factory  are  treasured  with  so  much  care.- 

Dodd  describes  each  rape  or  filtering  vessel  as  being 
fitted  with  a false  bottom,  on  which  the  grape  stalks 
are  placed.  Beneath  this  false  bottom,  and  above  the 
true  one,  a tap  is  inserted,  which  allows  the  -vinegar 
to  flow  into  a back  or  cistern.  From  this  cistern  a 
pump  elevates  the  liquid  to  the  top  of  the  vessel,  and 
hence  ensues  a very  curious  circuit:  the  vessel  is 
filled  -with  -vinegar,  which  filters  through  the  raisin- 
refuse  into  the  space  beneath,  from  there  into  the 
tank,  thence  through  the  pump  to  the  top  of  the  vessel, 
to  recommence  its  circuit.  Over  and  over  does  this 
circuit  proceed,  the  pump  being  kept  constantly  at 
work,  and  the  -vinegar  incessantly  in  motion.  If  such 
a comparison  might  be  permitted,  we  would  lilcen  the 
pump  to  a heart,  which  propels  the  liquid  to  the  enor- 
mous lung — the  rape — where  it  is  depurated,  and  then 
again  returned  to  the  heart.  The  filtering  substance 
gradually,  but  very  slowly,  wastes  away,  but  is  renewed 
from  time  to  time. 

Vinegar,  by  this  process,  becomes  transparent,  or 
bright,  as  it  is  technically  termed,  and  is  then  pumped 
from  the  rapes  into  store-vats,  where  it  is  kept  till  re- 
quired to  be  put  into  casks  for  sale ; and  the  rapes  are 
immediately  filled  up  with  an  equivalent  portion  of 
fresh  vinegar,  so  as  never  to  leave  the  raisin-refuse  idle. 
The  vinegar  casks  hold  one  hvmdred  and  sixteen,  fifty, 
and  twenty-five  gallons,  respectively.  Each  cask  is 
examined  and  gaged  before  being  brought  into  the 
sending-out  warehouse,  to  see  that  it  is  sound  and  of 
proper  dimensions.  The  warehouse  is  a large  room, 
lined  on  all  sides  by  store-vats,  from  which  the  casks 
are  filled;  and  on  the  days  when  these  casks  are  to 
be  despatched,  a very  busy  scene  is  presented  -with 
coopers,  porters,  et  cetera,  ranging  the  casks,  mark- 
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ing  them,  and  consigning  them  to  the  waggons. — See 

Fig.  7. 

Vinegar  for  household  purposes  is  made  in  the  fol- 
lowing manner : — The  malt  being  prepared  in  the  usual 


way,  a quantity  of  argol — winestone — is  added,  and 
afterwards  introduced  into  the  casks.  The  casks  have 
a perforated  bottom,  about  a foot  above  the  true  one, 
and  are  placed  on  their  end.  A quantity  of  refuse  of 


Fig.  7 


raisins,  from  wine  factories,  is  placed  on  the  false 
bottom,  and  the  wash  at  the  temperature  of  70° — a 
proper  addition  of  yeast  being  previously  made — ^is 
poured  upon  the  rapes  in  the  casks.  After  twenty- 
four  hom's  the  wash  is  racked  off  into  another  cask  of 
the  same  description,  and  allowed  to  remain  in  this  for 
a day  or  two,  when  it  is  drawn  off  into  a third  and 
fourth  cask.  The  liquid,  after  spending  twenty-four 
hours  in  the  last  cask,  is  raked  off  and  supplied  to  the 
mothers;  then  allowed  to  fennent  quietly,  as  in  the 
preceding  instances,  at  a temperature  of  70°  Fahr. 
Argol  communicates  to  it  the  appearance  of  wine 
vinegar.  It  is  clarified  by  leaving  it  in  the  casks,  for 
some  time,  mth  a little  isinglass. 

Sugar  and  Cider  Vinegar. — In  many  factories, 
instead  of  a sweet  wort  of  malt,  a solution  of  sugar  is 
often  employed  to  produce  vinegar.  Several  receipts 
are  given  for  this  department  of  the  manufacture,  the 
principal  being  the  annexed : — Dissolve  ten  poimds  of 
sugar  and  six  pounds  of  winestone  in  forty  gallons  of 
boiling  water ; put  the  solution  into  the  fermenting  tun, 
and  when  cooled  do\vn  to  80°,  add  four  quarts  of  beer 
yeast,  and  agitate  the  whole  thoroughly.  Grant  the 
liquid  repose  for  six  or  eight  days,  at  a temperature  of 
75°,  till  the  vinous  fermentation  is  ended;  after  which 
rake  it  off,  and  submit  the  liquor  to  the  acetous  fer- 
mentation, either  by  one  or  other  of  the  modes  already 


mentioned,  or  by  the  graduator  process,  which  will  be 
presently  described.  Another  prescription  is — 

100  parts  of  water,  \ / 120  parts  of  water, 

13  parts  of  brandy,  f \ 12  parts  of  brandy, 

4 parts  of  honey,  ( i 3 parts  of  brown  sugar,  and 

1 part  of  tartar,  ) ' 1 part  of  tartar, 

— surrendered  to  the  usual  processes  till  the  acetous 
fermentation  is  fulfilled. 

Quick  Vinegar  Process. — Schnellessigherdtung, 
German. — From  the  length  of  time  necessarily  occu- 
pied in  making  vinegar,  as  hitherto  described,  the  name 
of  slow  vinegar  process  has  been  given  to  the  manu- 
facture since  the  application  of  a quicker  method  for 
accomplishing  the  same  end.  Of  the  older  methods, 
the  only  approximation  to  the  process  now  considered, 
was  that  of  Boerhaave,  described  under  Wine  Vine- 
gar, at  page  7.  Mr.  Ham  of  Bristol  patented,  some 
thirty  years  ago,  a process  very  closely  resembling  the 
graduator,  but  much  inferior,  inasmuch  as  the  sur 
face  exposed  to  active  oxidation  was  far  less  in  the 
former  than  in  the  latter.  Good  vinegar  is  at  present 
made  from  alcohohc  liquors,  in  the  course  of  thirty-six 
to  forty-eight  hours.  The  slow  and  quick  processes 
are  conducted  upon  the  same  principle,  namely,  the 
oxidation  of  the  alcohol ; but  the  manner  in  which  it 
is  oxidized  is  different — the  siuface  exposed  in  the 
quick  method  being  many  tliousand  times  more  exten- 
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sive  than  in  any  former  one.  Before  entering  minutely 
into  the  arrangement  of  the  vessels  employed,  it  will  be 
as  well  to  state  curtly,  that  an  extreme  division  of  the 
liquor  is  effected,  as  when  it  comes  into  play  it  can 
only  percolate  very  slowly,  and  thus  diffusing  itself 
over  shavings,  forms  a very  thin  liquid  layer,  the  surface 
of  which  is  exceedingly  large,  and  is  therefore  better 
adapted  for  the  chemical  appropriation  of  the  oxygen  in 
the  current  of  air  which  is  transmitted  over  it.  A gallon 
of  liquor,  when  subjected  to  the  quick  method  of  aceti- 
fication,  if  allowed  to  percolate  slowly,  offers  a surface 
of  about  one  hundred  square  yards  to  the  action  of  the 
air  during  its  descent. 

Fig.  8. 


The  graduator,  which  Fig.  8 represents,  is  a large 
tub  or  tun.  A,  of  oak,  eight  feet  high,  three  and  a half 
feet  diameter  at  bottom,  and  four  feet  at  the  top,  and 
rests  upon  a stage,  d d,  of  wood  or  brickwork,  one  foot 
and  a half  high.  A stout  hoop  of  beechwood  is  fas- 
tened in  the  interior  of  the  tub  at  b,  eighteen  inches 
from  the  bottom,  and  a perforated  shelf  placed  thereon ; 
and  two  inches  above  this,  eight  or  ten  holes,  c c,  one 
to  one  and  a half  inch  diameter,  are  bored,  equidistant 
round  the  cask,  and  inclining  downwards  from  the  out- 
side. Another  strong  beechwood  hoop,  d,  is  fixed  a 
foot  from  the  top  of  the  tub,  on  which  is  placed  a second 
perforated  cover,  fitting  the  interior  of  the  vessel  tightly 
— the  holes  being  one  inch  apart,  and  one-fourth  of  an 
inch  in  diameter.  These  apertures  are  loosely  filled 
with  cotton  wick  or  packthread,  a knot  being  made  at 
the  top  end  to  keep  them  from  falling  through  the 
cover ; they  pass  down  to  the  shavings,  and  serve  the 
purpose  of  conducting  the  liquor  equally  through  the 
body  of  the  tub,  as  likewise  to  arrest  it  from  passing 
too  rapidly  through  the  tun.  The  space  between  the 
bottom  and  top  shelves  is  filled  with  shavings  of 
beechwood,  and  a thermometer  is  introduced  a little 
below  the  top  cover,  the  bulb  of  which  reaches  the 
middle  of  the  apparatus,  to  indicate  the  rise  or  fall  of 
temperature,  as  the  subsequent  oxidation  of  the  alcohol 
is  greater  or  less.  Six  larger  holes  are  bored  in  the 
upper  cover,  one  and  a half  inch  in  diameter,  into  which 
wooden  or  glass  tubes,  opening  below  it,  and  about 
nine  inches  long,  are  adjusted ; these  serve  as  chim- 
neys to  carry  off  the  deoxidized  air  from  the  vessel. 


A loose  oaken  cover,  c,  with  a funnel  opening  in  the 
centre,  through  which  the  liquids  for  charging  the  gra- 
duator are  supplied,  protects  the  whole  from  dust,  et 
cetera.  At  one  and  a half  or  two  inches  from  the  bot- 
tom of  the  graduator,  a pipe  or  glass  tube,  e,  is  inserted ; 
it  bends  upwards  nearly  as  high  as  the  lower  perforated 
shelf,  and  then  curves  extrinsically,  so  as  to  discharge 
the  liquid  into  an  appropriate  vessel,  H,  placed  beneath 
it,  when  it  rises  so  high  as  the  shelf  in  the  interior  of 
the  vessel.  A wooden  pipe,  twelve  or  fifteen  inches 
long,  is  fixed  in  the  lower  part  of  the  vessel — see  Fig.  9 
— having  a plug  or  wooden  screw  fitting  the  bore  of 
the  pipe,  that  acts  as  a tap,  by  which  the  dregs  and 
other  albuminous  matters  that  accumulate  are  run  off. 
Everything  being  thus  arranged,  hot  strong  vinegar  is 
poured  through  the  fimnel  opening  in  the  outer  cover, 
and  passed  through  the  graduator  for  one  or  two  days, 
to  induce  an  eremacausis  or  slow  combustion  of  the 
shavings  and  sides  of  the  graduator,  before  passing  the 
fresh  spirituous  liquors  through  for  acetification.  To 
fill  the  tun,  a standard  liquor  is  taken,  consisting  of 
fifty  gallons  of  brandy  or  whisky,  of  sixty  per  cent,  by 
volume,  and  thirty-seven  gallons  of  beer  or  malt  wort. 
Acetification  takes  place  slowly  in  the  beginning ; but 
when  the  shavings  become  gradually  impregnated  with 
mother  of  vinegar,  the  oxidation  is  accelerated,  and  the 
larger  the  amount  of  this  body  the  quicker  the  oxida- 
tion ; so  that  the  process  goes  on  improving.  Some- 
times five  gallons  of  the  above  liquor  are  mixed  with 
forty  to  fifty  gallons  of  weak  vinegar,  and  passed 
tlirough  the  vessel  at  a temperature  of  80°  Fahr.,  and 
by  this  means  the  alcohol  is  more  readily  oxidized. 
It  is  well  known  that  essential  oils,  or  a mere  trace 
of  wood  vinegar,  arrest  acetifying ; consequently,  the 
vinegar  used  must  be  free  from  pyroligneous  acid. 
The  tun,  or  graduator,  being  thus  brought  into  a proper 
state  of  working,  fifteen  to  twenty  gallons  of  the  stan- 
dard liquor  previouslv  mentioned,  are  diluted  with  sixty 
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gallons  of  soft  water,  and  poured  into  the  tim  through 
the  funnel  in  the  outer  cover,  and  permitted  to  pass 
through ; it  is  again  returned  to  it,  unless  there  be 
several  graduators  in  the  factory,  and  in  that  case  the 
liquor,  after  passing  through  the  first,  is  allowed  to 
percolate  the  second  tub.  Every  succeeding  hour, 
two  and  a half  gallons  are  drawn  off  from  the  second 
tub,  that  of  the  first  being  kept  as  vinegar,  while  the 


product  of  the  second  is  always  returned  to  the  first 
vat  or  graduator;  thus,  in  twenty-four  hours,  thirty 
gallons  of  vinegar  are  ready  for  sale.  One  hundred 
and  fifty  gallons  of  superior  vinegar  can  he  manufac- 
tured daily  in  ten  tuns,  which  one  man  can  super- 
intend. From  the  purity  and  clearness  of  the  pro- 
duct, it  resembles  distilled  vinegar;  but  to  make  it 
more  marketable,  one  pound  of  cream  of  tartar,  and  two 
pounds  of  brown  sugar  or  molasses,  may  be  added  to 
every  fifty  gallons,  to  suit  the  palate  of  the  buyers. 
If  honey  or  molasses  he  previously  added  to  the  spi- 
rituous licpior,  a vinegar  of  a good  color  is  at  once 
obtained : this  addition  is  often  made  for  the  sake  of 
economy.  The  temperatui-e  of  the  rooms  should  be  at 
100°  Fahr.,  and  that  of  the  standard  liquor  125°  to 
130°  when  poured  in.  After  the  working  tuns  have 
acquired  a proper  state  for  the  acetification  of  the  liquid, 
a temperature  of  70°  should  be  kept  up  in  the  apart- 
ments, and  the  charging  liquid  at  78°  or  80°.  During 
the  time  the  solution  is  percolating,  the  temperature  of 
the  graduator  rises  to  100° — 108°,  from  the  rapid  oxi- 
dation of  the  alcohol,  as  will  be  indicated  by  the  ther- 
mometer as  long  as  the  operation  goes  on  favorably. 
If  a stronger  acid  be  required  than  the  product  of  the 
first  and  second  vessels,  the  mode  adopted  is  to  mix 
the  vinegar  made  in  the  first  and  second  tuns,  with  a 
stronger  alcoholic  liquor,  and  pass  the  mixture  through 
a third  tub  ; and  if,  when  transmitted,  it  should  he  re- 
quired stiU  stronger,  a fresh  quantity  of  alcohol  is  added, 
and  submitted  to  a fourth  tub,  to  obtain  acid  of  the 
strength  required.  The  vinegar  procured  in  this  way, 
from  the  first  and  second  tuns,  will  require  thirty  to 
thirty-six  grains  of  pure  carbonate  of  potassa  to  neu- 
tralize every  fiuid  ounce ; that  from  the  third  tub,  after 
being  mixed  with  twenty  gallons  of  the  standard  liquor, 
instead  of  sixteen  or  eighteen,  will  neutralize  forty-five 
grains,  and  that  from  the  fourth  graduator  may  be 
made  of  that  strength,  that  an  ounce  will  saturate  fifty 
to  sixty  grains  of  the  pure  alkaline  carbonate. 

When  thick  muddy  liquors,  or  those  containing  much 
organic  substance,  as  beers,  or  other  mucilaginous  mat- 
ters, are  filtered  through  the  tuns,  their  dregs  deposit 
on  the  chips,  the  accumulation  of  which  prevents  the 
liquid  from  percolating,  and  consequently  the  further 
oxidation  of  the  alcohol  is  arrested.  Should  this 
happen,  the  chips  are  withdrawn  from  the  graduator, 
washed  with  hot  water,  then  steeped  in  hot  strong  vine  - 
gar,  as  in  the  forementioned  instance,  and  returned  to 
the  tub ; or  a stream  of  hot  water  may  he  made  to 
pass  through  without  taking  out  the  shavings,  and  after- 
wards hot  strong  vinegar,  as  before  stated.  It  is  better, 
however,  always  to  use  liquors  free  from  sedimentary 
or  slimy  matters  to  charge  the  tuns ; and  if  there  should 
be  any  such,  they  ought  to  remain  for  some  time  in  the 
clarifying  vessel  before  submitting  them  to  acetifica- 
tion : when  these  precautions  are  observed,  the  tuns 
will  not  so  soon  require  cleansing,  and  the  products  wiU 
be  purer  and  better.  Many  employ  pieces  of  charcoal, 
about  the  size  of  a walnut,  which  have  been  deprived 
of  their  sahne  ingredients  by  dilute  hydrochloric  acid, 
and  afterwards,  of  the  acid,  by  water.  The  charcoal 
effects  the  oxidation  of  the  spirit  much  quicker  than 
the  shavings,  and  it  does  not  become  so  quickly  choked 


with  mother  of  vinegar.  All  those  liquors  spoken  of  in 
describing  the  slow  processes,  and  indeed  all  alcoholic 
liquors  free  from  empyreumatic  products,  are  converted 
into  vinegar  by  this  method.  The  wine  malt  for  charg- 
ing the  graduators  is  made  from  wheat  and  barley  malt, 
mixed  in  the  proportion  of  forty  pounds  of  the  former 
to  eighty  pounds  of  the  latter;  the  whole  well  ground 
and  saturated  with  forty  gallons  of  water  at  120°  Fahr. 
After  the  subsidence  of  the  solid  parts,  the  clear  super- 
natant liquor  is  drawn  off,  and  the  residuary  matter 
washed  with  water  at  160°,  agitated,  and  diawn  off  as 
before;  and  a third  affusion,  in  order  to  extract  all 
soluble  matters,  is  made  at  200° — 212°  Fahr. ; the 
whole  of  the  washings  should  not  exceed  one  hundred 
and  ten  gallons.  The  solution  is  cooled  to  75°,  and 
fifteen  pounds  of  yeast  are  well  comminuted  with  it,  the 
whole  left  at  rest  in  an  atmosphere  of  80°  for  five  or 
six  days,  to  undergo  the  vinous  fermentation,  after  the 
termination  of  which  it  is  ready  for  the  graduators. 
Although  this  method  is  seemingly  the  perfection  of 
rapid  acetification  in  the  vinegar  manufactme,  yet, 
without  proper  care,  it  is  subject  to  its  losses.  In  the 
slow  methods,  from  the  lengthy  exposure  to  the  atmo- 
sphere, a vast  quantity  of  vinegar  is  evaporated  and 
lost,  even  at  a low  temperature ; much  more  will  the 
elevated  temperature  of  the  graduators  expel  the  half- 
converted  alcohol — aldehyde — and  it  may  happen  that 
not  a trace  of  acetic  acid  remains  after  the  termination 
of  the  process.  In  the  first  application  of  the  quick 
modification,  this  loss  was  very  much  felt,  owing  to  the 
escape  of  aldehyde,  then  unknown ; but  on  its  being 
discovered,  the  chemist  at  once  saw  that  the  cause  of 
the  deficiency  was  the  imperfect  oxidation  of  this  com- 
pound ; and  to  remedy  the  evil,  he  advised  an  increase 
in  the  holes  in  the  graduator,  so  as  to  admit  a larger 
supply  of  atmospheric  air,  which  proved  successful. 
This  is  one  of  the  thousands  of  instances  of  the  ad- 
vantages to  be  derived  by  the  manufacturer  havhig  a 
knowledge  of  chemistry ; and,  moreover,  is  a happy  illus- 
tration of  the  value  of  theoretic  knowledge,  when  pro- 
perly applied;  for  every  apparently  useless  discoveiy 
of  the  theorist  may,  at  some  time  or  other,  be  made 
available  to  the  perfection  of  the  arts.  The  fonnula 
at  page  4,  expresses  tlie  change  that  takes  place  in  the 
graduator.  The  formation  of  aldehyde  may  he  shown 
by  closing  some  of  the  openings  which  serve  to  sup- 
ply air  to  tlie  tun,  and  when  the  alcohoHc  liquor  has 
passed  through,  by  applying  a solution  of  strong  po- 
tassa to  a portion  of  the  clear  liquid,  we  invariably 
obtain  a brownish  precipitate — aldehyde  resin — which 
is  characteristic  of  this  body;  and  further,  if  the  solu- 
tion be  boiled  in  a test  tube  with  a little  oxide  of 
silver,  decomposition  ensues ; part  of  the  oxide  of  silver 
is  reduced  to  metal,  which  forms  a coating  on  the  glass, 
and  the  aldehyde  is  converted,  by  xmiting  with  the 
oxygen  of  the  reduced  silver,  into  aldehydic  or  lampic 
acid,  which  unites  with  the  remaining  oxide  of  silver, 
forming  a soluble  salt.  Aldehyde  boils  at  70°,  and  at 
65°  its  spec.  grav.  is  0‘79 ; it  has  a peculiar  ethereal 
odor,  and  is  inflammable.  These  facts  will  serve  to 
guide  the  manufactm-er  in  regulating  the  proper  circu- 
lation of  air  in  the  tuns,  taking  care,  however,  that  there 
is  not  a superabundant  supply,  by  which  alcohol  would 
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be  lost,  from  the  increased  temperature — 110°  to  120° 
Fahr., — consequent  on  the  too  rapid  oxidation  of  the 
spiritous  liquids.  Theoretically,  every  per  cent,  of  al- 
cohol by  weight  in  a liquid  should  yield  one  and  one- 
tenth  per  cent,  of  anhydrous  acetic  acid,  or  as  much 
acetic  acid  per  ounce  as  will  neutralize  five  to  six  grains 
of  pure  carbonate  of  potassa.  In  good  practice,  it  is 
found  that  two  hundred  gallons  of  spirit  of  fifty  per 
cent,  yield  one  thousand  six  hundred  and  sixty-seven 
gallons  of  vinegar,  neutralizing  thirty-two  grains  of  the 
alkaline  carbonate  per  ounce,  or  one  thousand  seven 
hundred  and  seventy-five  gallons,  of  thirty  grains  neu- 
trah'zihg  power:  according  to  theoretical  calculations, 
one  thousand  nine  hundred  gallons  of  thirty  grain  vine- 
gar should  be  obtained,  which  shows  a loss  in  practice 
of  about  six  per  cent.  In  many  factories  this  loss  is 
obviated,  by  causing  the  vapors  from  the  acetifying 
tims  to  pass  over  a surface  of  cold  water,  which  absorbs 
any  alcohol  or  aldehyde  that  may  be  evolved,  and  this 
water  is  afterwards  used  in  extracting  the  soluble  mat- 
ters from  fresh  quantities  of  malt. 

In  some  of  the  metropoHtan  establishments,  a very 
large  slightly  conical  tub  or  tun,  fourteen  feet  wide  at 
bottom,  fifteen  at  top,  and  thirteen  high,  turns  out  as 
much  vinegar  as  is  in  Germany  obtained  from  six 
tubs,  eight  feet  high  and  four  feet  wide.  The  larger 
mass  of  materials  generates  and  maintains  so  much 
heat  in  the  oxidation  of  the  spirit,  as  to  require  no  stove- 
heating in  a properly  constructed  chamber.  Two  and  a 
half  feet  above  the  bottom  of  this  tun  a false  one  is 
laid ; the  space  over  this  bottom  is  filled  with  coopers’ 
wood  shavings  and  chips,  and  the  room  beneath  is 
destined  to  receive  the  liquor  as  it  trickles  down  on  the 
true  bottom,  in  order  to  be  pumped  up  in  continual 
circulation.  At  a moderate  elevation  the  reservoir  of 
the  wash  is  placed,  which  discharges  itself  through  a 
regulating  stopcock  or  valve  into  a pipe  at  the  bottom, 
which  passes  down  through  a pretty  large  hole  in  the 
middle  of  the  lid  of  the  graduator,  and  terminates  a 
few  inches  under  it  in  a cross  pipe  shut  at  the  ends, 
which  is  made  to  revolve  slowly  by  mechanical  power, 
in  a horizontal  direction,  round  the  end  of  the  vertical 
pipe.  This  cross  pipe  is  long  enough  to  reach  nearly 
to  the  sides  of  the  tun,  and  being  pierced  with  small 
holes  in  its  under  side,  delivers  the  fermented  liquor,  in 
minute  streams,  equally  all  over  the  surface  of  the  chips 
of  wood.  It  thence  falls  into  the  lower  part  of  the  tun, 
through  holes  round  the  circumference  of  the  false 
bottom,  whence  it  is  pumped  up  again,  imder  certain 
modifications  to  be  presently  described.  The  air  for 
oxygenating  the  alcohol  into  vinegar  is  supplied  from 
two  floating  gasometers,  which  are  made  to  rise  and 
fall  alternately  by  steam  power.  The  ascending  one 
draws  its  air  from  a pipe  which  passes  into  the  centre 
of  the  bm,  immediately  under  the  false  bottom,  and, 
as  it  redescends,  it  discharges  the  air  through  a pipe 
into  a cistern  of  water,  which  condenses  and  retains  the 
alcohol  vapor  drawn  off  with  the  air.  This  water  is  used 
in  making  the  next  acetifying  mixture.  Fresh  air  is  ad- 
mitted into  the  top  of  the  tun,  by  the  sides  of  the  verti- 
cal hquor  pipe,  which  is  somewhat  smaller  than  the  hole 
through  which  it  passes.  Proper  valves  are  placed  upon 
the  pipes  connected  with  the  gasometer  pump,  whereby 


the  air  drawn  off  from  the  bottom  compartment  is  pre- 
vented returning  thither.  A small  forcing  pump  is 
employed  to  raise  the  liquor  continually  from  the  bottom 
of  the  tun  to  the  cistern  overhead.  By  this  arrange- 
ment, good  vinegar  may  be  made  in  a few  days  without 
any  perceptible  loss  of  materials.  The  progress  of  the 
acetification  in  this  apparatus  is  ascertained  by  testing 
the  air  for  oxygen,  as  it  is  slowly  drawn  into  the  gas- 
ometers, or  expelled  from  them.  For  this  purpose  a 
bundle  of  twine,  which  has  been  impregnated  with  a 
solution  of  acetate  of  lead,  and  dried,  is  set  fire  to,  and 
plunged  into  a bottle  filled  with  the  air.  In  general,  it 
is  so  weU  disoxygenated  and  carbonated  that  the  igni- 
tion is  immediately  extinguished. 

By  regulating  the  warmth  of  the  apartment,  the 
motion  of  the  gasometer,  and  the  admission  of  air,  the 
due  progress  of  the  acetification  may  be  secured.  The 
vinegar  has  an  average  strength  of  five  and  a half  per 
cent,  of  hydrated  acetic  acid,  and  is  immediately  ready 
for  market. — lire. 

Another  process,  not  very  unlike  the  preceding,  pa- 
tented by  Mr.  Ham  of  Bristol,  is  in  operation  at  several 
works.  The  apparatus  consists  of  a large  vat,  in  the 
centre  of  which  is  placed  a revolving  pump,  having 
two  or  more  shoots  pierced  with  holes,  so  as  to  cause  a 
constant  shower  of  wash — ^fermented  wort — to  descend 
from  the  top  when  they  are  set  working.  The  lower 
part  of  the  vat  is  charged  with  wash,  the  upper  part 
with  birch  twigs,  piled  as  high  as  possible,  but  without 
interfering  with  the  revolution  of  the  shoots.  Between 
the  surface  of  the  wash  and  the  joist  which  supports  the 
birch  twigs,  a space  of  three  or  four  inches  is  unoccupied, 
and  one  or  more  holes  perforated  therein,  in  order  to 
admit  a cmTent  of  air,  either  direct  from  the  atmo- 
sphere, or  by  means  of  a blowing  apparatus.  If  the 
wash  be  maintained  at  a temperature  between  90°  or 
100°  Fahr.,  and  the  pump  kept  in  continual  motion, 
a charge  may  be  acetified  in  a period  of  two,  fifteen, 
twenty,  thirty,  or  forty  days,  according  to  the  quantity 
of  liquid,  and  the  mass  of  twigs  through  which  it  has 
to  pass ; but,  generally,  the  birch  twigs  and  hquid  are 
so  proportioned  as  to  obtain  the  acid  in  fifteen  or 
twenty  days.  The  advantages  offered  by  this  modifi- 
cation are,  that  a wash  made  from  raw  grain  with  one- 
sixth  of  an  admixture  of  malt,  wfll  yield  a vinegar  equal 
to  that  from  malt  alone;  besides,  any  other  liquor 
capable  of  fermentation,  and  producing  alcohol,  can  be 
acetified  as  in  the  German  process . The  acetification 
can  be  arrested  at  any  moment,  and  the  current  of  air 
increased  or  diminished  at  will. 

Messrs.  Neale  and  Duyck,  of  London,  patented  a 
process  for  the  manufacture  of  vinegar  from  beet-root, 
m 1841.  The  method  given  by  them  is  the  following : 
— The  tops  and  shoots  of  the  beet  are  cut  off,  and 
the  roots,  after  being  thoroughly  washed,  are  rasped 
into  a fine  pulp,  with  which  a number  of  strong  cloth 
bags  are  filled.  These  bags  are  placed  in  a power- 
ful press.,  with  a board  or  hurdle  between  every  two, 
and  subjected  to  pressure  till  the  whole  of  the  saccha- 
rine juice  is  extracted  from  the  pulp.  The  strength 
of  this  juice  will  vary  from  7°  to  9°  of  the  hydrometer, 
and  must  be  reduced  by  the  addition  of  water  to  5°, 
and  then  boiled  for  a short  time.  The  liquid,  or 
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wort,  is  now  removed  to  the  coolers,  in  which  it  re- 
mains until  the  temperature  falls  to  60°  Fahr.  It  is 
then  conveyed  to  the  fermenting  vat,  adding  half  a gal- 
lon of  yeast  to  every  hundred  gallons  of  the  wort. 
When  the  fermentation  is  ended,  the  fermented  wash 
is  pumped  into  the  acidifying  vessel,  and  is  there  con- 
verted into  vinegar.  The  acidifying  vessel  consists  of 
a strong  vat,  capable  of  containing  twenty-four  thou- 
sand gallons,  in  the  centre  of  which,  a short  distance 
above  the  bottom,  a rose,  or  small  inverted  dome,  is 
fixed,  pierced  with  numerous  small  holes,  and  commu- 
nicating by  a pipe  with  a blowing  apparatus.  Upon 
the  bottom  of  the  vat , a steam  worm  hes,  one  end  of 
which  is  connected  with  a steam  boiler,  and  furnished 
with  a steam-cock,  the  other  end  being  open  to  the 
atmosphere. 

The  interior  of  the  vat  is  divided  into  several  com- 
partments by  means  of  diaphragms  or  perforated  false 
bottoms,  and  the  cover  of  the  vat  is  provided  with  a 
valve  which  opens  outwards  upon  a very  slight  pressme 
from  -within.  The  vat  is  likewise  furnished  -with  a 
thermometer,  the  bulb  of  which  is  immersed  in  the 
liquid  contained  in  it,  by  which  the  temperature  of  the 
liquid  is  known. 

Annexed  is  the  mode  pursued  for  converting  the  fer- 
mented wash  into  -vinegar,  by  means  of  this  apparatus : 
— Two  thousand  gallons  of  vinegar  are  first  let  into  the 
vat,  to  serve  as  mother  to  an  equal  quantity  of  fer- 
mented wash,  which  is  introduced  at  the  same  time ; 
and  a little  yeast  being  added,  the  whole  enters  quickly 
into  the  acetous  fermentation.  After  the  action  com- 
mences, air  is  forced  into  the  apparatus  by  the  blowing 
machine,  which  air,  in  its  passage  through  the  small 
holes  in  the  false  bottoms,  is  brought  into  intimate 
contact  with  the  hquid,  imparting  to  it  a portion  of  its 
oxygen ; the  deoxidized  air,  and  carbonic  acid  evolved 
from  the  -vinous  fermentation,  being  expelled  through 
the  valve  in  the  cover,  by  the  force  of  the  current  which 
is  instituted  through  the  vat.  When  the  temperature, 
as  indicated  by  the  thermometer,  falls  below  70°,  a cur- 
rent of  steam  is  admitted  into  the  worm  by  turning  the 
cock,  so  as  to  maintain  the  heat  of  the  vat  between  70° 
and  80°  Fahr.  By  this  means  the  liquid  will,  in  a few 
days,  be  converted  into  vinegar;  and  when  that  is 
effected,  four  thousand  gallons  more  of  the  fermented 
wash  are  introduced,  and  the  preceding  process  con- 
tinued,— the  whole  eight  thousand  gallons  -wdl,  in  a 
few  days,  be  converted  into  -vinegar.  Fresh  charges 
are  added  and  acetified,  as  just  mentioned,  till  the  vat 
contains  twenty-four  thousand  gallons  of  vinegar ; and 
when  the  acetous  fermentation  of  the  last  charge  has 
ceased,  eight  thousand  gallons  of  vinegar  are  dra-wn  off, 
and  fresh  wort  added,  and  drawn  off  alternately,  always 
keeping  about  sixteen  thousand  gallons  of  made  vinegar 
in  the  vat. 

Fruit  Vinegar. — Apples,  grapes,  and  other  saccha- 
rine fruits,  are  expressed,  the  juice,  with  the  addition  of 
a little  yeast,  set  aside  in  casks  in  a warm  place — 75° 
to  80°  Fahr. — until  the  -vinous  fermentation  has  ceased, 
and  then  acetified  by  either  of  the  preceding  methods. 

A very  superior  vinegar  is  made  in  Germany,  and 
other  continental  states,  from  gi'ape-sugar  and  the  spi- 
rits produced  from  potatoes,  beets,  and  molasses.  The 
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Excise  laws  of  England,  however,  prevent  the  adoption 
of  those  materials  in  her  manufactures,  except  under 
hea-vy  duties. 

In  some  factories,  large  quantities  of  sour  ale  and 
beer  are  converted  into  vinegar;  but  the  product  is 
much  inferior  to  the  -vinegar  made  from  wine  or  malt 
wort.  The  large  amount  of  nitrogenous  and  other  ex- 
tractive matters  which  those  liquids  contain,  imdergoes 
a second  or  putrid  fermentation  after  their  alcohol  is 
oxidized  into  acetic  acid,  and  this  quickly  destroys  the 
last  traces  of  acid,  leaving  a liquid  of  a disagreeable 
odor,  slightly  resembling  very  stale  beer.  Sulphuric 
acid  prevents  the  second  fermentation  for  some  time ; 
still  the  vinegar  has  a nauseous  odor,  which  renders  it 
most  objectionable. 

Mr.  J.  C.  Kent,  of  Upton-on-Severn,  kindly  informs 
the  Editor,  that  when  he  first  undertook  the  supervision 
of  the  manufactory  of  Messrs.  Kent  and  Sons,  the  firm 
was  in  the  habit  of  buying  beer,  ale,  and  porter,  that 
had  gone  hard  and  sour,  for  conversion  into  -vinegar ; 
and  on  one  occasion  the  bankrupt  stock  of  a large  brew- 
ery at  Cavendish  Bridge,  in  Derbyshire,  was  bought. 
Murmurs  had  reached  them  on  several  occasions  tliat 
the  vinegar,  on  being  kept,  lost  its  acidity;  but  when 
the  above  large  quantity  of  beer  came  to  be  sent  out 
as  -vinegar,  the  complaints  became  loud  and  frequent. 
It  was  found  that  the  beer  was  the  cause,  and  since 
that  not  one  gallon  of  sour  ale  has  been  purchased 
by  this  firm.  Some  of  the  vinegar  that  was  returned 
became  exactly  like  vapid  beer ; it  was  not  so  putres- 
cent as  to  smell,  still  it  was  a phase  of  the  putrid  fer- 
mentation. The  same  gentleman  states,  that  it  is  im- 
possible to  make  good  vinegar  from  beer ; and  further, 
that  although  one  or  two  manufacturers  claim  to  be 
able  to  dispense  -with  the  addition  of  sulphuric  acid  to 
malt  and  grain  vinegar,  as  mentioned  further  on,  he 
has  never  been  able  to  obtain  a sample  free  from  this 
acid. 

Dr.  Steniiouse,  in  an  investigation  on  sea-weed, 
showed  that  when  such  bodies  are  subjected  to  a fer- 
mentative action,  at  a temperature  of  96°  Fahr.  with 
lime,  acetic  acid  is  generated  in  large  quantities,  and 
is  found,  united  with  the  alkaline  earth,  in  the  form  of 
acetate  of  lime.  In  three  experiments  with  different 
varieties  of  sea-weed,  he  obtained  as  a result  an  average 
quantity  of  one  and  four-fifths  per  cent,  of  anhydrous 
acetic  acid.  He  employed  a temperature  of  96°, 
and  added  hydrate  of  lime,  gi-adually,  -with  the  view  of 
keeping  the  mass  slightly  alkaline,  till  the  fermentation 
had  subsided;  after  which  the  liquid  was  filtered  off, 
evaporated  to  dryness,  and  the  residue  heated,  to  de- 
compose the  mucilaginous  matters,  when  cnide  acetate 
of  lime  remained.  No  attention  has  yet  been  paid  to 
this  fact,  in  the  production  of  vinegar,  on  a manufac- 
turing scale,  although  in  some  of  the  northern  countries 
of  Europe,  as  well  as  on  some  of  the  Scottish  and  Irish 
coasts,  where  sea-weed  is  plentiful,  it  might  prove  pro- 
ductive. The  sea- weed  seems  to  lose  nothing  of  its 
fertihzing  influence  on  account  of  the  fermentation. 

WOOD  VINEGAR,  ox  Pyroligneous  Add. — Holzessig., 
German ; Vinaigre  de  Bois,  French. — This  species  of 
Vinegar,  to  which  much  attention  has  been  lately  given, 
is,  as  the  name  implies,  obtained  from  wood  by  destruc- 
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live  distillation,  and  it  is  the  only  one  of  the  series  upon 
whose  formation  no  positive  data  can  he  elicited. 
Caloric  is  the  moving  cause  which  developes  the  acid, 
when  wood  is  subjected  to  its  influence  in  close  vessels. 
The  elementary  components  of  the  wood,  after  a cer- 
tain amount  of  heat  is  applied,  arrange  themselves  into 
combinations  quite  distinct  from  those  in  which  they 
were  originally ; some  of  these  are  gaseous,  while  more 
are  liquid ; hut  the  quantity  of  the  latter  depends  upon 
the  greater  or  less  degree  of  heat  applied  in  the  distil- 
lation. The  uncondensed  products  are — carbonic  acid, 
carbonic  oxide,  olefiant  gas,  and  light  carbide  of  hydro- 
gen; and  the  condensed  liquids — acetic  acid,  tarry  and 
other  oleaginous  substances,  while  a residuary  charcoal 
remains  in  the  retort.  Hypothetically,  the  formation 
of  acetic  acid  dming  distillation,  may  be  demonstrated 
in  various  ways.  The  composition  of  wood  may  be  re- 


presented as  Cg  O5,  two  eqs.  equal Ojg 

Minus H 0 


Equal  three  eqs.  of  anhydrous  acetic  acid,  Cj^  O3 ; 

consequently,  it  is  only  necessary  to  abstract  a little 
oxygen  and  hydrogen — water — from  the  wood,  in  order 
to  transform  it  into  acetic  acid.  It  may  likewise  be 
assumed  that  the  olefiant  gas  evolved  during  the  distil- 
lation, by  combining  with  oxygen,  generates  the  acid — 

2 (C2  H2)  — C4  H4  O4  ~ C4  IT4  O4  = C4  Hg  Og,  HO 

Olefiant  gas,  Uydi'ated  acetic  acid. 

It  is  known  that  when  these  two  gases  are  mixed  in 
equal  volumes,  and  the  mixture  enclosed  over  mercury 
in  a bell  glass,  acetic  acid  is  formed ; the  production  of 
the  acid,  however,  from  the  combination,  requires  con- 
siderable time.  The  facts  which  are  observed  in  tlie 
actual  distillation  of  wood  are : — ^First,  water  passes  off, 
being  that  which  is  extraneous  to  the  wood ; then,  the 
decomposition  of  the  wood  itself  gives  rise  to  water  and 
the  acid,  which  is  next  eliminated ; subsequently,  con- 
densable matters  containing  an  excess  of  carbon,  form- 
ing the  tar  and  oily  substance,  and  towards  the  close 
of  the  distillation,  carbonic  oxide  and  carbide  of  hydro- 
gen are  evolved,  leaving  a charcoal  similar  in  form  to 
the  wood  introduced.  The  distfilation  of  wood  is  car- 
ried on  in  large  cast-iron  cylinders,  or  in  square  ovens 
made  of  stout  sheet-iron,  riveted  firmly  together,  the 
heat  being  applied  to  them  directly. 

A convenient  apparatus,  for  the  distfilation  of  wood, 
is  annexed,  of  which  Fig.  10  is  a plan,  and  Fig.  11  an 


Fig.  10. 


elevation.  In  these  figures,  A is  a box  made  of  cast-iron 
plates,  bolted  firmly,  of  one  hundred  cubic  feet  capa- 
VOL.  I. 
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city,  and  imbedded  in  brickwork ; b is  a cover  on  the 
upper  end  of  the  box,  through  which  the  charge  of 
wood  is  introduced,  another  such  opening  being  at  the 
opposite  aide — not  shown  in  the  figures — made  air-tight 
by  a cover  such  as  b,  from  which  the  charcoal  is  drawn 
off ; c,  the  firebars ; d,  the  firedoor,  through  which  the 
fuel  is  introduced ; e e,  the  spiral  course  of  the  flame 
round  the  box,  and  f f the  flue  passing  into  the  chim- 
ney. 

The  iron  pipe,  G,  conducts  the  gases,  and  other  vo- 
latile matters  evolved  by  the  heat,  to  the  condenser, 
consisting  of  a series  of  pipes,  i,  i,  i,  of  a large  calibre, 
through  which  the  pipe,  g,  passes,  leaving  a surroimd- 
ing  space  for  cold  water.  The  pipes  rest  one  above 
the  other  on  a wooden  framework,  ii.  Through  l,  a 


Fig. 11 


stream  of  water  from  the  tank,  k,  enters  the  lower  con- 
densing pipe,  and  thence  into  the  others  by  the  con- 
necting pipes,  o o,  tfil  discharged  by  p,  at  a tempe- 
rature reaching  ebullition.  The  distilled  vapors  and 
gases,  in  their  progress  downwards,  are  partly  condensed 
into  a liquid,  which  falls  into  the  air-tight  tank,  s,  and 
thence  by  the  connecting  pipe,  t,  into  another,  colla- 
terally placed,  but  at  a lower  level : v is  a tube  from 
the  pipe  G,  projecting  into  the  furnace,  through  which 
the  uncondensed  carbonaceous  gases  flow  into  the  fire, 
where  they  are  consumed.  At  first  the  fire  is  increased, 
and  when  the  distillation  has  commenced,  the  gases 
discharged  almost  serve  to  maintain  the  heat  sufficient 
to  effect  the  decomposition  of  the  charge. 

The  usual  time  allowed  for  carbonizing  each  charge 
is  twenty-four  hours.  After  the  wood  is  exhausted,  the 
fire  is  -withdrawn  from  the  oven  for  six  hours,  so  that 
the  apparatus  may  cool,  to  allow  the  charcoal  to  be  ab- 
stracted through  the  opening  at  the  hack,  air-tight  sheet- 
iron  boxes  being  placed  beneath  the  door  to  receive  it. 
One  hundred  cubic  feet  of  beechwood  produce  sixty 
per  cent,  of  charcoal,  as  much  brushwood  being  used  to 
raise  the  heat  required  to  carboniz.e  the  wood. 

The  apparatus  in  use  at  Nuits,  and  Kouen,  in  France, 
is  the  following: — In  Fig.  12,  A is  a large  sheet-iron 
cylinder,  -with  an  opening  in  the  upper  part  of  one  of 
the  sides,  into  which  an  adapter,  b,  is  introduced ; C is 
the  cover  of  the  cylinder,  fitted  tightly  to  it  with  bolts 
and  screws.  The  cylinder  being  charged  -with  wood,  tlie 
cover,  c,  is  fixed  tightly  in  its  place,  and  the  cylinder 
hoisted  by  means  of  a crane,  d,  fixed  adjacent  to  the 
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furnace,  and  deposited  in  an  upright  cylinder  of  brick- 
work, which  may  be  covered,  at  will,  by  means  of  a 
dome,  E,  made  of  brickwork.  The  cylinder  being 
charged  and  deposited  in  its  receptacle,  the  fire  is 
bgbted,  and  the  tube,  c,  through  which  the  distilled 
products  pass  off  to  the  condenser,  connected,  and  well 
luted  to  the  adapter,  B.  The  condenser  is  similar  to 
that  attached  to  the  oven  at  Fig.  11,  consisting  of  a 
series  of  pipes,  i,  i,  i,  through  which  c passes.  Water 
from  the  pipe,  L,  enters  the  pipes,  i,  i,  i,  by  means  of  f 
and  the  connecting-pipes,  t,  near  the  curvature,  the 
heated  water  being  discharged  by  the  pipe,  o.  The  con- 
densed products  pass  off  into  the  covered  receiver,  and 
a pipe,  p,  conducts  the  uncondensed  gases  back  to  the 
furnace,  where  they  are  consumed.  The  pipe,  p,  ter- 
minates a few  inches  above  the  ground  in  the  ashpit, 
in  the  form  of  a rose,  n,  similar  to  a watering-can,  in 
order  that  the  flow  of  gases  may  be  distributed  through 
the  fire;  m is  a stopcock,  to  regulate  the  quantity  of 
gas  entering  the  furnace. 

In  some  factories  there  are  different  methods  of  con- 
densing the  products;  air,  in  a few  instances,  is  the 
medium  by  which  the  vapors  are  condensed.  The 
evolved  products  of  the  distillation  are  made  to  traverse 
an  extensive  range  of  piping  of  large  diameter,  and  in 
some  cases  the  vapors  are  conducted  through  a series 
of  casks,  connected  together  by  pipes.  The  most  effec- 
tual mode  of  condensation  is  water,  and,  wherever  at 
hand,  is  generally  adopted.  About  twenty-foxu:  hours 
are  usually  allowed  to  work  off  each  batch  of  wood. 


The  carbonizer  of  M.  Schwartz  is  shown  in  Figs.  13, 
14  and  15.  Fig.  13  is  a bird-eye  view  of  the  furnace; 
Fig.  14  a section  of  the  elevation,  followmg  the  lines, 
d d ; and  Fig.  15  another  section,  following  the  lines, 
c c.  In  the  ensemble  of  these  figures,  the  annexed 
objects  are  distinguished; — A A,  the  space  where  the 
wood  is  carbonized;  bbbb,  apertures  tlnough  which 
the  wood  is  introduced,,  and  whence  the  charcoal  is 
withdrawn ; c c,  the  fires  which  heat  the  furnace ; d d, 
openings  through  which  the  smoke,  carbonic  acid, 
acetic  acid,  oleaginous  and  tarry  matters,  pass  oil, 


through  the  pipes,  g g,  and  thence  through  the  con- 
Fig.  13. 


denser  into  the  chimney;  ee  are  crooked  pipes,  de- 
scending from  g g,  which  convey  the  tar  condensed  in 


„ into  the  vessels,//— Fig.  lA-the  bend  in  the  pipes, 
e e,  prevents  the  access  of  air  into  the  apparatus ; 

H H H H are  wooden  canals,  wherein  the  acid  and  olea 
ginous  matters  con- 
dense ; I is  the  chim- 
ney, and  k a small 
opening  in  the  chim- 
ney, where  a fire  is 
lighted  to  establish  a 
draught.  The  furnace 
walls  are  of  fire- 
brick, or  they 

may  be  doubly  _ _ . 

lined  with  brick,  and  the  mtervenmg  space  filled  with 
aluminous  earth  and  sand.  At  first  the  furnace  is 
charged  with  the  heaviest  blocks  of  wood,  and  between 
these  smaUer  wood  is  introduced,  for  the  purpose  of 
making  the  interior  more  permeable  to  the  action  of 
the  fire.  AU  the  orifices  of  the  furnace  are  then  closed, 
and  the  fires  at  C C lighted,  the  current  of  air  being 
instituted  in  i,  as  above  said.  The  blaze  of  the  fire 
traverses  the  furnace  and  carbonizes  the  charge  of 
wood,  and  the  smoke  and  other  vapors  from  the  fur- 
nace pass  by  the  exit  pipes,  d d,  into  g g,  whence  they 
escape  to  the  condensers,  h h,  and  thence  to  the  chim- 
ney, I.  The  charge  is  known  to  be  completely  carbon- 
ized when  the  smoke  issuing  at  i,  which  is  at  first  black 
and  heavy,  becomes  bluish  and  light.  The  chimney 
passage  is  then  closed,  and  the  opening  of  the  pipes, 
d d,  stopped  up  with  wooden  plugs,  and  then  well  luted 
with  some  plastic  clay;  the  firedoors  are  closed,  and 
the  furnace  left  to  cool.  At  the  end  of  the  second  day, 
two  holes  in  the  top  of  the  furnace,  which  hitherto  had 
been  closed  air-tight,  are  opened,  and  water  introduced 
to  extinguish  tbe  red-hot  charcoal;  the  openmgs  are 
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again  closed  for  a longer  period,  and  when  the  furnace 
gets  a little  colder,  more  water  is  added.  If  any  red 
sparks  are  observed,  the  opening  and  pipes  must  be 
carefully  stopped  up,  so  as  to  prevent  the  formation 
of  a current  of  air,  as  this  would  occasion  the  com- 
bustion of  the  charcoal,  and  consequently  lessen  its 
produce.  After  complete  cooling,  the  charcoal  is 
raked  out  by  the  apertures,  b b,  and  another  charge 
introduced.  The  principle  of  carbonization  in  these 
lands  of  fmnaces  is  different  from  the  others  already 
mentioned,  inasmuch  as  the  blaze  from  the  fire  never 
comes  in  contact  with  the  wood  in  the  latter,  while 
in  Schwartz’s  furnace  the  blaze  permeates  the  fur- 
nace entirely ; but  so  long  as  a competent  supply  of 
fuel  is  kept  on  the  fire,  c c,  no  oxygen  passes  into 


the  interior  to  consume  the  charcoal,  and  the  wood  is 
carbonized  quicker.  Another  advantage  which  this 
furnace  possesses  is,  that  small  wood  may  be  employed 
to  bum  in  c c,  and  the  acid  and  other  valuable  products 
of  this  likewise  are  collected  in  the  condensers,  n ri. 
What  more  particularly  distinguishes  Schwartz’s  fur- 
nace above  Lachabeaussi^re’s  is,  that  no  air  can 
enter  it  but  through  the  fires,  c c,  and  that  there  is  no 
loss  from  the  combustion  of  charcoal.  The  cost  of  tliis 
furnace  is  about  £120,  the  capacity  being  nearly  six 
thousand  cubic  feet. 

Keichenbach’s  carbonizing  furnace  consists  of  a 
square  oven,  made  partly  of  firebrick  and  partly  of 
ordinary  bricks ; the  interior  lining,  represented  in  Fig. 
16,  is  composed  of  the  firebrick,  and  the  outer  case  is 


of  the  ordinarj'  material.  The  oven  is  heated  by  means 
of  tubes,  which  traverse  from  one  end  of  the  case  to 
the  other,  and  are  seen  ia  ab  c d,  mno  p,  in  the  figure ; 
these  tubes  are  from  one  to  two  feet  in  diameter.  Heat 
is  applied  by  lighting  a fire  in  the  tubes  at  p and  a, 
which  raises  the  temperature  so  high  as  to  cause  them 
to  glow.  The  wood  in  the  surrounding  spaces  of  the 
oven  abstracts  the  heat,  and  is  thereby  carbonized,  the 

Fip.  17. 


volatile  products  of  which  pass  off  at  the  bottom  of  the 
oven,  through  the  openings  at  x,  into  the  canal,  fgh,  and 
through  y,  at  the  opposite  side,  into  a similar  canal : 
both  products  intermix  in  the  canal,  k i,  where  tlie  tai 
is  partly  deposited.  From  the  tube,  k i,  the  acetic  acid 
vapors  are  carried  off  to  the  condenser,  as  in  the 
ordinary  process  of  the  manufacture. 

The  chief  pyroligneous  acid  factories  in  England  are 

Fig.  1 


in  the  counties  of  Gloucester,  Northumberland,  Lan-  Wales.  Cylinders  of  varied  length,  from  six  to  ten 
caster,  and  Monmouth ; and  one  in  Glamorganshire  in  feet,  and  two  and  a half  to  four  feet  in  breadth,  are 
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employed.  These  are  placed  horizontally  in  brickwork 
domes,  the  front  and  back  ends  being  closed  by  doors 
which  swing  on  stout  hinges,  or  by  plates  screwed 
firmly  to  these  openings.  A pipe  issuing  near  the  con- 
vex extremity  of  the  further  end  of  the  retort,  carries 
off  the  gases  and  condensable  products  to  the  refrige- 


rator. A general  view  of  the  retorts  and  condenser 
is  seen  in  Figs.  17  to  22.  Fig.  18  presents  a section 
of  cylinders,  A,  b,  and  c;  and  in  Fig.  17  is  seen  their 
position  enclosed  in  brickwork,  with  the  doors,  K, 
closed.  The  fire  is  at  d.  Fig.  18,  and  the  space, 
e e,  shows  the  course  of  the  flue  round  the  cylinders, 


till  it  reaches  the  chimney,  e.  The  passage  of  this 
flue  is  more  clearly  seen  in  the  plan.  Fig.  20,  where 
the  dotted  lines,  d d,  et  cetera,  are  the  circuits  it 
makes.  The  space.  A,  B and  c,  indicates  the  cylin- 
ders and  the  pipes  attached  to  them  for  conducting 
the  distilled  products  to  the  tank,  d,  where  most  of 
the  tar  is  deposited,  and  the  partly  depurated  product 
issues  through  a small  pipe  into  a condensing  tube. 


This  is  more  perspicuously  seen  in  the  elevation  of 
the  cylinder  and  tank,  as  shown  in  Fig.  21.  Fig. 
22  is  a section  of  the  tank  where  the  tar  is  deposited ; 
the  tank  is  protected  by  a cover,  which  fits  into 
the  enlarged  part  or  groove  at  the  top  of  the  sides 
of  the  tanlc,  acting  as  a water  lute,  as  is  seen  at  h. 
The  pipe,  i,  carries  off  the  acetic  acid  vapors  to  the 
serpentine  pipe  in  the  large  tub,  c,  which  it  enters  at  Ic, 


FiB.  21. 


fit;.  22. 


in  the  figure.  Beneath  the  tank.  A,  a tub,  n,  is  placed ; 
both  are  connected  by  m,  that  enters  at  the  bottom 
of  the  tank.  The  tarry  matter,  as  it  accumulates 
in  the  tank,  falls  through  the  pipe,  m,  into  the  tub, 
n,  F is  a tub  placed  below  the  condenser,  C,  where 
the  acid  is  collected,  and  the  uncondensed  gases  pass 
off  through  the  pipe,  d,  and  are  consumed  at  I,  so  as 
not  to  corrupt  the  air  in  the  factory.  The  arc,  b,  Fig. 
22,  shows  the  position  of  the  condensing  vessel  with 


regard  to  the  cylinders,  it  being  the  same  as  F in 
Fig.  18.  The  space  at  h may  be  used  as  a torrefying 
chamber  when  preparing  the  acetates,  described  at 
page  46.  Sometimes  two  of  these  cylinders,  placed  in 
the  same  dome  of  brickwork,  are  heated  by  one  fire, 
the  flue  playing  round  each,  as  in  Fig.  23,  where  a a 
are  the  cylinders;  fff  the  fires;  c c c,  ash-pits,  and 
0 0 0 the  course  of  the  flue  to  the  chimney.  Even  five 
such  carbonizers,  placed  in  one  arch,  are  heated  by 
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two  fires.  Such  is  the  arrangement  at  Pitchcomhe 
Chemical  Works,  near  Stroud,  Gloucestershire,  where 
the  cylinders  are  nine  feet  by  two  feet  ten  inches; 
tliirteen  of  which  are  capable  of  holding  five  and  a half 
cords  of  wood,  each  cord  being  sixteen  feet  eight  inches 
in  length,  and  two  feet  two  inches  in  breadth,  and  the 
same  in  depth,  the  weight  of  which,  according  to  the 


state  of  freshness  or  otherwise  of  the  wood,  is  between 
twenty-three  and  twenty-five  hundreds.  One  ton  and 
a half  of  coal  serve  to  carbonize  the  whole.  The  usual 
time  allowed  to  carbonize  each  charge  is  twenty-four 
hours.  Factories  which  are  carried  on  at  Risca  and 
Abercam,  in  Monmouthshire,  by  the  same  proprietor, 
form  conjointly  the  largest  in  the  kingdom.  In  the 
Risca  Works,  cast-iron  cylinders,  six  feet  long  by  four 
feet  in  diameter,  are  used,  each  being  capable  of  hold- 
ing about  two  tons  of  wood,  or  three-fourths  of  a cord. 
Wrought-iron  chests  are  likewise  serviceable,  having  an 
iron  pipe  six  inches  diameter  passing  up  through  the 
centre  of  the  chest,  in  order  to  convey  the  heat  to  the 
interior.  Each  chest  is  capable  of  holding  a cord  and  a 
quarter  of  wood — one  hundred  and  sixty  cubic  feet,  a 
cord  of  wood  being  one  hrmdred  and  twenty-eight  cubic 
feet — which  weighs  about  three  tons  and  a half.  At 
Abercarn,  eight  square  ovens,  with  boxes,  are  the  variety 
of  carbonizers,  each  oven  being  capable  of  holding  one 
cord  of  wood — one  hrmdred  and  twenty-eight  cubic 
feet.  Twenty-four  hours  is  the  time  usually  allowed 
to  work  off  each  charge,  but  if  the  demand  for  the  dis- 
tilled products  be  urgent,  the,  charge  may  be  exhausted 
in  sixteen  to  eighteen  hours.  In  this  case,  the  products 
are  not  so  much  as  when  the  distillation  is  carried  on 
slowly. 

As  Combrook  Works,  near  Manchester,  the  cast-iron 
cylinders  are  six  feet  long  by  three  feet  diameter,  with 
square  doors,  which  hang  on  stout  hinges.  Generally, 
six  tons  of  wood  are  carbonized  by  one  and  a half  ton 
of  coal ; one  fire  being  made  to  heat  two  such  cylinders, 
placed  adjacent  to  each  other  in  the  same  arch. 

At  Breeme,  near  Lidney,  in  the  forest  of  Dean,  there 
are  eight  large  square  ovens,  each  capable  of  containing 
two  sheet-iron  boxes,  four  feet  six  inches  by  two  feet 
nine  inches  in  interior  measiuement.  In  each  of  these 
boxes  about  half  a cord  of  wood  is  placed,  and  as  the 
wood  is  piled  up  above  the  top  of  the  sheet-iron  box, 
the  ovens  are  required  to  be  of  a size  proportioned  to 
this  height.  The  doors  of  the  ovens  are  on  hinges, 
fastened  and  luted,  when  the  charges  are  enclosed  in 
the  usual  manner.  These  ovens  are  charged  once  a 
day ; but  as  the  wood  is  light,  twenty-four  hours  are 
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more  than  sufficient  to  effect  its  carbonization.  The 
boxes,  when  charged,  are  run  along  a railroad  into  the 
ovens,  and  withdrawn  in  a similar  manner,  whereby 
much  labor  is  saved. 

At  Lougher,  near  Swansea,  they  use  a peculiar  sort 
of  apparatus — a large  sheet-iron  carbonizer,  divided 
internally  into  six  compartments,  into  which  six  sheet- 
iron  vessels,  of  four  feet  in  height  and  two  feet  broad, 
fit;  the  whole  forming  a cylindrical  shape  simOar 
to  the  outer  case.  There  is  only  one  opening  in  the 
top  of  the  carbonizer,  through  which  the  vessels  con- 
taining the  wood  are  introduced ; but  there  is  a movable 
framework  in  the  bottom  of  the  outer  vessel,  by  means 
of  which  each  receptacle  is  brought  directly  under  the 
orifice,  and  the  charged  box  lowered  into  it  by  a crane. 
When  charged,  this  aperture  is  closed  by  a sheet-iron 
door  and  firmly  bolted,  then  luted  in  the  ordinary  way, 
and  heat  applied.  The  sheet-iron  case  is  imbedded  in 
brickwork,  and  the  fire  directly  under  it,  the  flue  rising 
spirally  about  the  carbonizer.  A similar  apparatus  to 
this  is  in  use  at  Deptford. 

Upon  a comparison  of  all  the  modifleations  of  carbon- 
izing retorts  sketched,  it  will  be  evident  that  the  cylin- 
ders are  more  adapted  for  the  distillation  of  the  large 
bfllets,  or  heavy  cord  wood  of  Gloucestershire,  and  the 
refuse  ship-timber  of  Glasgow,  Newcastle,  and  Liver- 
pool. 

The  most  economical  are  cylinders  between  eight 
and  ten  feet  in  length,  and  from  two  and  a half  to  tliree 
feet  in  diameter.  On  the  contrary,  where  light  wood 
is  used,  such  as  that  generally  carbonized  in  the  Welsh 
factories,  the  square  ovens  suit  better ; however,  as  the 
supply  of  wood  is  always  subject  to  variation  as  to  its 
bulk,  it  is  more  satisfactory  to  have  both  forms  of  ap- 
paratus on  the  premises.  From  the  cylinders,  the  char- 
coal is  generally  raked  out  at  the  door  at  the  opposite 
end,  into  sheet-iron  boxes,  or  square  pits  sunk  in  the 
floor,  and  lined  with  firebrick ; the  chests  and  pits  are 
capable  of  being  perfectly  closed. 

In  many  factories,  the  charcoal  is  abstracted  from 
the  carbonizing  cylinders  by  means  of  the  following 
apparatus : — An  iron  shield,  almost  the  size  of  the  inte- 
rior of  the  cylinder,  is  placed  near  the  mouth  of  the 
retort,  to  which  a chain  is  attached,  that  runs  through 
the  whole  length  of  the  carbonizer.  The  workman,  by 
seizing  this  chain  with  a suitable  implement,  draws  out 
the  whole  of  the  charcoal  nearly  all  at  once,  and  with 
less  risk  of  breaking  it  than  when  the  rakes  are  em- 
ployed. 

The  relative  amount  of  charcoal,  as  well  as  the 
gaseous  and  liquid  products,  depends  on  the  species  of 
wood  subjected  to  distillation,  as  also  upon  the  regula- 
tion of  the  proper  heat  to  effect  the  same.  The  tem- 
perature should  at  first  be  gentle,  gradually  increasing 
in  proportion  to  the  time,  till  towards  the  end  it  ap- 
proaches an  incipient  red  heat,  in  order  to  dissipate  all 
the  volatile  products  from  the  wood.  The  strongest 
acid  is  generally  obtained  from  timber  of  slow  growth 
on  dry  soils ; next  from  timber  grown  on  moist  ground  ; 
and  lastly,  from  pines  and  resinous  trees.  The  produc- 
tions of  the  latter  variety  are  not,  however,  so  inferioi 
as  generally  stated,  when  proper  attention  has  been 
paid  to  the  regulation  of  temperature,  and  complete 
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carbonization  of  the  charges.  This  will  be  seen  under 
the  distillation  of  spent  dyewoods,  sawdust,  et  cetera,  as 
carried  on  with  success  hy  Mr.  A.  P.  Halliday,  of 
Salford,  whose  apparatus  is  there  represented. 

The  following  tabular  view  of  the  amount  and 
strength  of  the  products  obtained  from  the  distillation 


of  several  varieties  of  wood,  is  taken  from  the  work  of 
Stolze.  The  quantity  of  the  varieties  of  wood  sub- 
mitted to  destructive  distillation  was  one  pound,  a 
quantity  which  wiU,  in  the  generality  of  cases,  form  a 
precedent  for  the  manufacturer  on  the  large  scale : — 


One  Pound  of  Wood. 


White  Birch 

Red  Beech 

Large-leaved  Linden 

Oak 

Common  Ash 

Horse  Chestnut. . . .' 
Lombardy  Poplar. 
Wliite  Poplar .... 

Bird  Cherry 

Basket  Willow.. . 

Buckthorn 

Logwood 

Alder 

Juniper 

White  Fir 

Common  Pine . . . 
Common  Savine. 
Red  Fir 


Botanical  Names. 

■ Betula  Alba 

. Fagus  Sylvatica 

. Tilia  Plataphylla 

. Quercus  Robur 

Fraxinus  Excelsior 

. Esculus  Hippocastanum  .... 

, Populus  Dilatata 

. Populus  Alba — abele 

■ Prunus  Padus 

Salix 

, Rhamnus 

Hematoxylon  Campechianum 

. Alnus 

. Juniperus  Communis 

, Pinus  Abies 

Pinus  Sylvestris 

Juniperus  Sabina 

Abies  Pectinata 


Weigrht  of 
Acid. 


One  oimce  of 
Acid  neutra- 
lized of  pure 
Carbonate  of 
Potossa. 

Weight  of 
Empvreuinatic 
*OU- 

Grains. 

Ounces. 

55 

54 

u 

52 

50 

u 

44 

li 

41 

li 

40 

i| 

39 

ii 

37 

ii 

35 

u 

34 

35 

u 

30 

l.t 

29 

13 

29 

2i 

28 

14 

27 

14 

25 

2| 

Weight  of 
Charcoal. 


Ounces. 

■6l 


Eightj'-four  Pounds 
of  Wood. 

■g 

A 

O 

Charcoal  per 
cwt.  of  Wood. 

Acid  liquor. 

Sp.  gr.  of  Acid 
liquor. 

Sp.  gr.  of  Acid 
liquor  saturated 
wth  Lime. 

Measures  of 
Soda  to  neutral- 
ize Acid  liquor. 

Incondensable 

products. 

Heal  Acid. 

Birch, 

234 

31-33 

45 

1-046 

1-080 

70 

15 

1-86 

Elm, 

214 

28-66 

454 

1-036 

1-075 

83 

174 

2-26 

Willow, 

18 

24-00 

49 

1-029 

1-045 

29 

17 

0-77 

Beech,  low  temp. 

24 

32-00 

46 

1-039 

1-090 

115 

14 

3-06 

Do.  high  temp. 

20 

26-64 

47 

1-034 

1-067 

90 

17 

2-40 

I,abumum, 

20 

26-64 

46 

1-030 

1-055 

75 

18 

2-00 

Ash, 

23 

30-68 

48 

1-035 

1-078 

92 

13 

2-45 

Alder, 

20 

26-64 

48 

1-030 

1-065 

70 

16 

1-86 

Hawthorn, 

20 

26-64 

27 

1-040 

1 100 

140 

37 

3-73 

Young  Oak, 

28 

37-33 

39 

1-038 

1-085 

115 

14 

3 06 

Three  hundred  and  thiity-slx 
Pounds  of  Wood. 

t 

b 

a 

.a 

V 

Charcoal  per 
cwt.  of  Wood. 

Acid  liquor. 

Sp.  gr.  of  Acid 
liquor. 

One  ounce 
neutralized  grs. 
of  Bicarbonate 
of  Potassa. 

Dry  Acetate  of 
Lime  produced. 

Beech, 

84 

28-00 

180 

1-029 

25 

Walnut 

72 

24-00 

150 

1-018 

7 

144 

Birch,  cut  three  years 

70 

23-33 

120 

1-031 

11 

13 

Oak, 

91 

30-33 

190 

1-022 

8 

24 

Ash, 

90 

30-00 

190 

1-024 

8 

22 

Apple, 

70 

23-33 

200 

1-017 

6 

18 

Wych  Elm, 

70 

23-33 

180 

1-018 

8 

16 

Maple, 

77 

25-66 

145 

1018 

6 

20 

The  ensemble  of  three  works  in  the  neighborhood  of 
Paris  showed  the  following  products  from  four  thousand 
pounds  of  wood — ^beech  and  oak : — 

Charcoal, 1,014  lbs. 

Acid  Liquor, 2,335  “ sp.  gr.  1‘027  = 416  lbs.  of  dry 

Tar, 330  “ [acetate  of  lime. 

The  follotving  products  were  obtained  at  the  works 
of  M.  Molleeat,  at  Nuits,  from  1,000  steres  of  wood, 
weighing  5,120  cwt. : — 


Charcoal, 1,280  cwt. 

Pyroligneous  acid, 8.50  “ 

Acetic  acid, 54  “ 

Acetate  of  lead, 152  “ 


In  a well-conducted  establishment  in  England,  the 
annexed  were  the  quantities  of  crude  acid  hquor  ob- 
tained by  the  distillation  of  1,634  cords  of  wood ; each 
cord  of  wood  weighing  512  cwt.,  according  to  the  longer 
or  shorter  time  allowed  to  intervene  between  the  cut- 
ting and  the  using  of  the  wood : — 


174  cords  produced  23,923  gallons  of  about  10  lbs.  each. 


160  .. 

. . 27,720  . . 

2.52  . 

. . 30,424  . . 

318  .. 

. . 40,584  . . 

330  .. 

. . 5.5,900  . . 

400  .. 

. . 50,700  . . 

The  subjoined  is  one  of  the  monthly  statements  of 
works  in  the  vicinity  of  Paris,  in  which  the  wood  is  car- 
bonized by  heat  from  the  coke  ovens ; — 


Dr. 

frs.  c- 

1,000  Hectolitres  of 
coal,  at  50  frs.  the 

15  hecto., 3,333  33 

500  Steres,  half  confa, 
of  wood,  at  9 fr.  20  c.  4,600  00 
Wages  of  coke-oven 

man, 120  00 

Wages  of  six  work- 
men,   450  00 

Wages  and  lodging  of 

two  carmen, 200  00 

Keep  of  two  horses,  180  00 

Salary  of  director  of 

works, 200  00 

Wear  and  tear,  calcu- 
lated at  ten  percent, 
on  the  value  of  the 
plant — 60,000  frs.  500  00 

Five  per  cent,  interest 

on  capital, 416  00 

Rent  of  ground  and 
cellars  for  charcoal,  100  00 


Cr. 

1,520  Hectolitres  of 
coke,  at  49  fr.  the 

hecto., 4,312  00 

30  Hectolitres  small 
coke,  at  32  fr.  50  c.  975  00 
750  Loads  of  charcoal, 

at  6 fr., 4,500  00 

150  do.,  second  qua- 
lity, 5 fr., 750  00 

50  do.,  third  quality, 

4 fr., 200  00 

20  do.,  powder,  2 fr. 

50  c 62  50 

200  Casks  pyrolig- 
neous acid,  at  15  fr.  3,000  00 
Tar, 165  OO 


Frs.  10,099  33 


One  franc  equals  ten  pence  English ; one  hundred  centimes 
are  equivalent  to  a franc.  The  French  hectolitre  is  a measure 
of  capacity,  containing  one  hundred  litres,  equal  22-009668  im- 
perial gallons;  4-5434579  litres  equal  an  imperial  gallon. 
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Mr.  A.  P.  Halltday,  of  Salford,  has  obtained  a pa- 
tent for  the  manufacture  of  pyroligneous  acid,  et  cetera, 
from  sawdust,  spent  bark  from  tanyards,  a’nd  dyewoods 
exhausted  of  their  coloring  matters,  which  is  in  opera- 
tion at  the  works  of  Messrs.  Hervey,  Peak,  and  Hek- 
VEY,  the  largest  and  most  eminent  manufacturers  of 
decoctions  in  this  kingdom;  at  the  works  of  Messrs. 
Hadfield  and  Kenney  ; and  at  Messrs.  Halliday, 
POCHIN,  and  Co.  For  a long  time  the  distillation  of 
sawdust  was  unsuccessfully  attempted,  the  apparatus 


used  being  applicable  to  the  decomposition  of  the  ma 
terial ; for  on  being  introduced  into  either  the  ovens  or 
cylinders,  a layer  of  carbonized  sawdiist  coated  the  re- 
tort so  effectually,  when  the  temperature  was  raised, 
that  the  further  progress  of  the  decomposition  was 
arrested  by  the  non-conducting  property  of  this  hard 
layer  of  minutely  divided  charcoal. 

Fig.  24  is  a drawing  of  the  apparatus  patented  by 
Mr.  Halliday,  by  which  the  preceding  obstacle  is' 
overcome.  The  sawdust,  spent  dyewood,  et  ceiera,  are 


Fig.  24. 


introduced  into  a hopper,  h,  placed  above  the  front  end 
of  an  ordinary  cylinder,  A A,  in  which  a vertical  screw 
or  worm,  c,  revolves,  conveying  the  material,  and  in 
the  proper  quantities,  to  the  cylinder,  placed  in  a hori- 
zontal position,  and  heated  by  means  of  a furnace,  f. 
Another  revolving  screw  or'  worm,  B b,  keeps  the 
material  introduced  into  the  retort  by  c in  constant 
agitation,  and  at  the  same  time,  moves  it  forward  to 
the  end.  During  its  progress  through  the  retort,  the 
materials  are  completely  carbonized,  and  all  the  vola- 
tile products  disengaged.  Two  pipes  branch  off  from 
the  ulterior  part  of  the  retort,  one,  d,  passing  downwards 
and  dipping  into  an  air-tight  vessel  of  cast-iron,  or  a 
cistern  of  water,  t,  into  which  the  carbonized  substance 
falls;  the  other  ascending  pipe,  K,  carries  off  the  vola- 
tile products  of  the  distillation  into  the  condenser,  con- 
sisting of  pipes  of  copper  or  iron,  immersed  in  or  sur- 
rounded by  water.  Messrs.  Hervey  and  Co.  convert 
all  the  spent  dyewoods  of  their  manufactory  into  pyro- 
ligneous acid,  and  the  charcoal  obtained,  when  groimd 
finely,  answers  well  for  steel  manufacturers  and  iron 
founders. 

The  quantity  of  acid  obtained  from  spent  dyewoods. 


equals  the  amount  usually  derived  in  the  ordinary  dis- 
tillation of  wood.  Messrs.  Hadfield  and  Co.,  and 
Messrs.  Halliday  and  Co.,  use  sawdust,  the  produce 
from  which  is  found  greatly  at  variance  with  the  state- 
ments set  forth  in  chemical  and  manufacturing  works — 
that  pine  and  such  resinous  woods  yield  comparatively 
very  little  acid.  Practically,  eight  retorts  of  the  above 
description,  fourteen  inches  diameter,  produce  as  much 
pyroligneous  acid  in  twenty-fmu  hours,  as  sixteen  re- 
torts, three  feet  in  diameter,  during  the  same  time,  yield 
when  worked  on  the  old  system.  The  charcoal  from 
sawdust  is  extensively  used  as  an  ingredient  of  artificial 
manure,  and  many  printers  use  it  as  an  absorbent  in 
the  urinals  attached  to  their  factories.  Charcoal  being 
an  excellent  disinfectant,  the  nuisance  that  would  arise 
from  such  cisterns  is  completely  abated.  Moreover,  the 
Messrs.  Hargreaves,  of  Accrington,  state,  tliat  when 
the  charcoal  is  saturated,  the  effluvia  is  taken  away, 
and  the  ammonia,  et  cetera,  arising  from  the  decom- 
position of  the  nitrogenous  compounds  of  the  urine,  are 
retained,  so  that  it  offers  a ready  and  economical  means 
of  transferring  these  fertilizers  to  the  soil. 

The  average  produce  fr’om  eight  retorts,  taken  for 
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many  weeks,  carbonizing  twenty-two  tons  of  sawdust 
weekly,  is  the  following  : 

Pyroligneous  acid  10°  Twaddle  = 1‘05, . .2484  gallons. 

Tar, 240  “ 

to  which,  by  way  of  comparison,  is  subjoined  the  average 
yield  per  ton  of  oak,  when  carbonized  in  the  ordinary 
cylinders. 

Weight  of  wood, 2240  lbs- 

“ pyroligneous  acid, 1277  lbs. 

“ charcoal, 600  “ 

1877  “ 

Loss — uncondensable  gases, 363  “ 

According  to  the  state  of  dryness  of  the  wood  when 
submitted  to  the  retorts,  the  products  are  a httle  more 
or  less ; but  generally  the  range  of  produce  is  between 
one  hundi-ed  and  twenty-four  and  one  himdi’ed  and 
twenty-seven  gallons  of  6°  Twaddle,  or  1-03  spec,  grav., 
and  six  hundred  pounds  of  charcoal.  From  the  pre- 
ceding, it  is  evident  that  the  same  quantity  is  obtained 
from  the  sawdust,  and  of  a far  higher  specific  gravity. 

The  average  price  of  oak  wood  is  eighteen  to  twenty 
shillings  per  ton,  and  for  cutting  this  in  convenient  bil- 
lets for  the  retorts,  ei  cetera,  the  cost  is  usually  about  two 
shillings  to  two  and  sixpence.  About  seven  hundred- 
weight of  coals  are  found  sufficient  to  carbonize  one  ton 
of  wood.  The  tar  obtained  in  distilling  pine  wood  saw- 
dust is  of  equal  quality  to  that  imported. 

In  the  vicuiity  of  Manchester,  where  exhausted  dye- 
woods  and  sawdust  are  plentiful,  a decided  advantage  in 
the  yield  and  quahty  of  the  products  is  to  be  gained  by 
operating  upon  those  materials 

Messrs.  Solomons  and  Azulay  patented  a process, 
the  main  feature  in  which  was  the  transmission  of 
steam  heated  to  a high  temperature  through  the  mass 
of  material.  By  this  method,  every  particle  is  exposed 
to  the  superheated  steam,  and  completely  carbonized. 
The  charcoal  left  is  well  adapted  for  manuring  pur- 
poses; besides,  we  have  aU  the  products  ordinarily 
obtained  in  the  hgneous  distillation.  The  steam  ac- 
companying the  other  products  renders  them  dilute ; 
these  vapors  are,  however,  made  subservient  in  concen- 
trating the  condensed  products  as  they  pass  to  the  con- 
denser ; for  they  are  made  to  traverse  a cod  of  piping 
placed  in  a pan  of  the  distillates.  If  this  had  not 
been  suggested  by  a chemist,  the  patent  could  never  be 
advantageously  worked.  The  heated  steam  prevents 
the  deposit  of  tarry  and  other  resinous  matters ; conse- 
quentl}',  no  choking  of  the  pipe  need  be  apprehended. 

The  following  brief  sketch  of  the  pyroligneous  acid 
manufacture,  has  been  transmitted  to  the  Editor  by 
Mr.  John  Randall,  the  manager  of  the  Pitchcoombe 
Works  at  Stroud,  and  who  has  been  there  since  their 
commencement  in  1842. 

Mr.  Randall  states : — It  j'emains  still  a disputed  point 
whether  small  or  large  retorts  are  preferable.  After  a 
trial  of  different  sizes,  and  some  years’  experience,  he 
considers  a retort  of  moderate  dimensions  the  most  con- 
venient and  serviceable.  Those  in  use  here  are  nine 
feet  and  a half  in  length,  and  two  feet  and  a half  in 
diameter,  enclosed  in  brickwork,  and  placed  horizon- 
tally, three  or  five  in  a set. 

They  are  secured  in  front  by  fids,  fastened  by  means 
of  a cross  bar.  At  the  back  there  is  an  exit  pipe,  eight 
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inches  in  diameter,  connected  with  a main  pipe.  From 
this  the  hquor  is  conducted  by  a series  of  pipes,  im- 
mersed in  water,  into  a large  tank.  Retorts  set  in  the 
method  described  are  heated  more  economically,  and 
the  charcoal  is  good. 

Each  retort  holds  about  half  a cord  of  wood,  which, 
when  of  beech,  of  the  average  dryness,  weighs  -about 
twelve  hundred-weight.  These  retorts  are  charged  once 
in  twenty -four  hours.  As  to  the  quantity  of  Hquor 
produced  from  a given  weight  of  wood,  of  course  much 
depends  on  the  concHtion  of  the  wood,  whether  green 
or  dry — that  wliich  has  been  cut  down  about  six  months 
is  the  best  for  practical  purposes,  the  Hquor  being 
stronger  in  acid.  A cord  of  wood  in  this  state  yields 
from  one  hundred  and  twenty  to  one  himdred  and  tliirty 
gaUons  of  Hquor,  id  est,  acid,  water,  naphtha,  and  tar, 
leaving  in  the  retort,  charcoal,  about  one-fifth  of  the 
weight  of  the  wood  originaUy  employed.  The  next  pro- 
cess is  to  separate  these  various  products,  and  for  tins 
purpose  the  Hquor  is  pumped  up  into  copper  stiHs, 
and,  for  safety,  steam  heat  is  appHed.  Naphtha,  in  a 
weak  and  impure  stats,  comes  over  first,  then  the  pyro- 
ligneous acid,  leaving  a tarry  residuirm  in  the  retort. 
Some  manufacturers  prefer  adding  Hme  to  the  Hquor 
in  the  tank,  before  it  is  transferred  to  the  stills : this, 
perhaps,  is  best  for  the  production  of  naphtha,  but  it 
involves  the  necessity  of  making  black  or  brown  acetate 
of  Hme,  which,  from  its  inferior  quality,  is  often  difficult 
of  sale,  unless  at  a low  price. 

After  distillation,  the  acid  is  removed  to  large 
tubs  or  vats,  and  neutralized  with  Hme.  It  is  then 
aUowed  to  stand  for  a few  hours,  and  the  clear 
solution  siphoned  off  into  evaporating  pans.  The 
vessels  used  here  for  this  purpose  are  made  of  wrought- 
iron,  of  an  oblong  shape,  about  nine  feet  in  length, 
fom  feet  in  width,  and  two  feet  in  depth ; they  con- 
tain about  four  hundred  and  fifty  gallons.  The  solu- 
tion is  boiled  down  to  a proper  consistency,  put  into 
draining  buckets,  and  then  removed  to  a drying  stove. 
This  is  the  ordinary  process ; but  when  the  acetate 
is  required  of  superior  quahty,  the  solution  shoMd  be 
properly  evaporated,  then  aUowed  to  stand  for  eight 
or  ten  hours,  carefully  drained  off  from  its  sediment, 
and  boiled  to  its  crystaUizing  point.  Simple  distillation, 
though  it  separates  a large  portion  of  tarry  matter, 
never  renders  the  pyroligneous  acid  pure ; this  can  only 
be  effected  by  neutralizing  the  acid  with  carbonate  of 
soda,  evaporating  the  solution  to  dryness,  and  then  sub- 
jecting the  exsiccated  mass  to  fusion.  The  black  cake, 
as  it  is  termed,  is  redissolved,  boHed  to  the  crystaUizing 
point,  and  drawn  out  into  large  shaUow  vessels  to  de- 
posit the  salt. 

The  trade  has  been  in  a depressed  state  for  the  last 
few  years ; and,  indeed,  it  is  liable  to  such  fluctuations 
that  there  is  not  sufficient  inducement  for  a capitaHst 
to  embark  in  it. — Randall. 

M.  Paur  has  recently  pubHshed  a metliod  which 
he  foUows  in  the  preparation  of  acetic  acid,  and  the 
acetates  from  the  product  of  the  distiUation  of  wood, 
by  which  he  dispenses  with  the  labor  of  distillation, 
evaporation,  and  for  the  most  part  the  torrefaction 
attendant  upon  the  processes  generally  pursued  in  this 
branch  of  the  manufacture. 
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His  method  consists  in  presenting  to  the  vapor  of 
acetic  acid,  during  the  operation  of  the  carbonization,  a 
substance  which  seizes  exclusively  upon  it,  and  thereby 
concentrates  it. 

The  bodies  which  ^vill  the  most  readily  satisfy  this 
condition,  are  those  bases  whose  acetates  are  not  de- 
composable at  the  temperature  of  the  operation ; such 
as  potassa,  soda,  baryta,  hme,  magnesia,  et  cetera ; and 
the  carbonates  of  these  same  bases,  or  any  other  salt 
whose  acid  can  he  displaced  by  the  acetic  acid.  The 
author  gives  the  preference,  according  to  locality,  to 
lime,  a calcareous  carbonate,  magnesian  carbonate,  or 
carbonate  of  soda ; the  first  three,  because  of  their  low 
price ; the  last,  because  it  will  yield  directly  the  acetate 
of  soda, — a product  prepared  at  a future  stage  for  the 
entire  purification  of  the  acid. 

This  process  may  be  applied,  whatever  be  the  mode 
of  the  carbonization.  The  manner  in  which  it  is 
adapted  to  carbonization  en  meules — piles  or  masses 
of  rough  wood  covered  with  earth — will  now  be  de- 
scribed. 

It  is  well  known  that  carbonization  en  meules  is 
effected  by  the  heat  produced  by  means  of  the  com- 
bustion of  a certain  quantity  of  the  wood  of  the  pile, 
when  ignited.  Orifices  left  at  the  foot  of  the  pile  give 
access  to  the  air  necessary  for  combustion;  others 
pierced  at  different  heights  and  in  different  positions,  by 
the  workman  charged  with  directing  the  progress  of  the 
carbonization,  serve  for  the  escape  of  the  products  of 
combustion  and  distillation.  In  these  last  orifices,  at 
the  point  where  the  workman  has  judged  it  necessary 
to  carry  the  draught,  M.  Paur  introduces  tubes  into 
the  earth  of  about  an  inch  interior  diameter,  and  half 
an  inch  in  thickness,  which,  dividing  over  all  the  pile, 
terminate  in  bundles,  in  numerous  recipients  distributed 
quite  round  the  mass.  These  pipes  may  be  composed 
of  several  ends  or  short  pieces,  connected  by  jointings, 
so  that,  when  the  progress  of  the  carbonization  requires 
the  displacement  of  the  orifices  for  the  emission  of 
the  smoke,  the  extremity  only  of  the  tubes  may  be 
removed,  without  tlie  necessity  of  deranging  the  re- 
ceivers. 

The  latter  are  simple  casks,  of  fom-teen  inches  dia- 
meter, and  three  feet  and  a quarter  in  height,  into 
which  the  tubes  lead  by  one  extremity,  and  which  are 
filled,  in  whole  or  in  part,  with  pieces  of  lime,  carbonate 
of  lime,  or  carbonate  of  soda,  divided  into  fragments 
var3ung  in  size  according  to  the  state  of  porosity  of  the 
matter,  and  leaving  between  them  interstices,  which 
permit  the  passage  of  the  vapors. 

Acetic  acid  and  the  other  products  which  escape 
from  the  wood,  are  conducted  by  the  pipes  to  one  of 
the  extremities  of  the  cask,  and  traverse  the  different 
layers  of  carbonates  or  of  lime,  which  fix  the  acetic 
acid,  whilst  the  other  products  escape  at  the  other 
extremity  of  the  receiver. 

It  is  proper  to  remark,  that  this  process  presents 
one  advantage  over  that  by  refrigeration ; namely, 
that  considering  the  temperature  maintained  in  the 
interior  of  the  casks,  much  less  tar  is  condensed,  which 
renders  more  easy  the  subsequent  purification  of  the 
acid. 

The  acetate  of  lime  obtained  in  this  manner,  may  be 
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submitted  to  the  same  operations  as  in  the  processes  at 
present  in  use. 

It  would  be  possible,  under  certain  circumstances,  in 
place  of  particular  receivers,  to  introduce  into  the  midst 
of  the  pile,  in  the  intervals  left  between  the  logs,  the 
substance  intended  to  unite  with  the  acetic  acid. 

There  are  some  factories  which  expressly  distil  the 
wood  in  close  vessels  to  obtain  the  acetic  acid.  For 
these,  the  method  described  would  still  have  great  ad- 
vantages. In  fact,  there  would  be  nothing  to  prevent 
so  regulating  the  temperature  of  carbonization,  that  the 
acetate  of  soda  produced  in  the  apparatus  should  not 
itself  be  decomposed,  while  leaving  this  temperature 
sufficiently  high  to  destroy  or  expel  the  tar,  in  such  a 
manner  that  the  torrefaction  would  he  combined  with 
the  carbonization,  so  as  to  obtain,  at  one  operation,  a 
concentrated  and  purified  body. 

PYEOXYLIC  SPIRIT,  or  WOOD  NAPHTHA.— 
Purification  of  the  Products  of  Distillation. — 
The  distillates  of  wood  are  received  in  a tank  or  some 
suitable  vessel,  and  on  allowing  the  whole  to  rest  for 
some  time,  the  excess  of  tarry  and  other  resinous  and  oily 
matters  precipitates,  the  spirit  and  acid  liquor  form- 
ing a supernatant  layer,  which  may  be  drawn  off  into 
another  tank  by  means  of  an  overflow  pipe  or  siphon. 
If  the  liquids,  in  their  passage  from  the  first  tank,  be 
made  to  percolate  a filter  of  coarse  gravel,  a large 
quantity  of  the  matters  held  in  suspension  by  the  acid 
liquor  is  separated-  The  purification  of  the  spiritous 
and  acid  products  is  effected  in  two  ways : first,  where 
the  spirit  is  distOled  directly  from  the  crude  liquor, 
and  secondly,  where  the  acid  is  neutralized  with  milk 
of  lime,  and  then  submitted  to  distillation  to  obtain 
the  spirit.  In  the  first  instance,  copper  stills  of  about 
five  himdred  gallons  capacity  are  used,  into  which 
the  liquor  is  pumped,  and  heat  applied  by  means  of 
coils  of  copper  pipe  placed  in  the  interior  of  the  stills, 
through  which  steam  from  an  adjacent  steam-boiler  is 
forced ; in  other  cases  the  heat  is  applied  externally, 
either  by  steam-pipes  coiling  round  the  stiU,  or  by 
the  direct  apphcation  of  fire.  The  distillation  is  con- 
tinued tUl  all  the  spirit  has  passed  over,  which  is  known 
by  throwing  a portion  of  the  distillate  on  a bright  fire — 
the  spirit  inflames,  giving  a whitish  light. 

In  most  instances,  the  whole  of  the  naphtha  is  ex- 
pelled when  about  one  hundred  gallons  are  condensed 
in  the  receiver.  When  there  are  no  more  vapors  elimi- 
nated, the  receiver  is  changed,  and  the  distillation  of  the 
acid  hquor  proceeded  with  till  aU  the  liquid  has  nearly 
passed  over,  the  tarry  and  oleaginous  products  remain- 
ing being  nm  off  through  a stopcock  in  the  bottom  of 
the  stUl  into  a tank.  Should  the  acid  be  not  directly 
wanted,  after  the  expulsion  of  the  spirit,  the  remaining 
four  hundred  gallons  may  be  drawn  off  into  the  tank, 
and  allowed  to  rest,  so  as  to  deposit  the  excess  of 
impurities,  and  afterwards  pumped  up  to  other  vessels 
when  required.  Some  manufacturers  first  neutralize 
the  acid  liquor  by  means  of  hydrate  of  lime,  and  after- 
wards distil  the  spiritous  and  crude  acetate  of  lime 
liquors  in  sheet-iron  stills  or  boilers  to  obtain  tlio 
naphtha.  Fire  is  applied  directly  to  the  under  part  of 
the  boiler.  The  remaining  acetate  of  lime  hquor  is 
drawn  off,  and  allowed  to  remain  in  tanks  or  reservoirs 

u 


2G 


ACETIC  ACID Pyeoxylic  Spieit. 


tiU  required  for  use.  The  deposit  of  tarry  matters 
which  accumulates  iu  the  first  receiver  of  tlie  condens- 
ing apparatus,  attached  to  the  wood  carbonizers,  is 
also  submitted  to  distillation,  and  the  crude  spirit 
therefrom  added  to  former  portions. 

The  further'pmification  of  the  crude  spirit  obtained 
in  the  preceding  distOlation,  is  effected  by  repeated 
rectifications,  over  caustic  lime  at  first,  and  then  over  a 
mixture  of  lime  and  caustic  potassa ; and,  in  order  to 
detach  the  small  quantity  of  ammonia  that  is  formed, 
the  final  distillation  of  the  product  is  carried  on  with  a 
little  sulphuric  acid.  In  some  factories  they  rectify  the 
distillates  over  chalk,  and  in  some  others  over  chalk  and 
bicarbonate  of  soda.  Copper  stfils  are  those  which  are 
used,  and  the  heat  applied,  either  by  steam  pipes, 
coiled  in  the  interior  of  the  stiQ,  or  the  lower  half  of 
the  retort  may  be  incased  in  an  iron  jacket,  to  which 
the  fire  is  directly  applied. 

The  spirit  thus  obtained  is  colorless,  and  varies  in 
specific  gravity  from  -870  to  ’832.  A few  years  ago, 
Mr.  WiLnsMiTH  obtained  a patent  for  the  februation 
of  the  spiritous  and  acid  products  of  the  distillation  of 
wood.  The  principle  of  his  invention  is  the  apphca- 
tion  of  an  oxidizing  agent,  together  with  the  influence 
of  light,  by  which  treatment  he  purposes  to  oxidize  the 
carbides  of  hydrogen,  which  are  unessential  to  the  spirit 
and  acid,  but  whose  presence  communicates  a disagree- 
able odor  to  the  products.  Bichromate  and  hyperman- 
ganate  of  potassa  are  the  salts  generally  employed,  in  the 
following  manner : — The  liquors  are  placed  in  a tank 
secluded  from  the  air  or  the  accidental  admixture 
with  dirt,  or  other  impurities,  by  means  of  a cover,  in 
which  a part  is  glass,  or  some  other  transparent  body — 
mica,  so  as  to  admit  the  light,  which  is  necessary  for 
the  success  of  this  application.  Four  ounces,  avoirdu- 
pois, of  the  forementioned  compounds,  in  fine  powder, 
are  used  to  every  imperial  gallon  of  the  hquid ; this 
may  be  thrown  into  the  tank  with  the  Hquid,  or 
the  salt  may  be  dropped  into  the  solution  gradually, 
and  the  whole  well  agitated.  The  time  required  to 
effect  the  purification  of  the  spirit  depends  upon  the 
quantity  of  tarry  matters  present;  but,  in  ordinary 
cases,  from  fourteen  to  twenty-one  days  will  suffice. 
Sunny  weather  favors  the  purification  of  the  spirit  and 
acid  from  the  foreign  compounds,  as  it  brings  about  the 
combination  of  the  oxygen  of  the  oxidizing  agent  with 
the  carbonaceous  impurities  in  a very  considerable 
measure.  Other  compounds,  such  as  peroxide  of  man- 
ganese, or  a properly  regulated  stream  of  chlorine  gas 
passed  tlurough  the  solution,  might  answer  the  purpose, 
but  the  hypermanganate  and  bichromate  of  potassa  or 
soda  offer  the  greatest  facilities  in  their  use ; besides, 
they  are,  by  effecting  tlie^  intended  purpose,  converted 
into  bodies  which  exert  no  diminishing  action  upon  the 
substances  sought,  and  which  may  be  easily  separated 
from  the  spiritous  and  acid  liquor  by  distOlation.  Clilo- 
rate  of  potassa  might  be  successfully  employed  in  the 
purification ; it  is,  however,  a much  dearer  salt  than 
those  mentioned  by  Wildsmitii,  and  perhaps  for  that 
reason  it  is  not  used.  When  the  purifying  reagents 
have  been  added,  the  fluid  should  be  agitated  once  or 
twice  daily,  in  order  to  bring  the  solution  of  the  salts 
into  immediate  contact  with  the  impure  liquor : during 


the  intervals  the  cover  should  be  kept  on.  Frames  of 
glass  or  mica  in  the  cover  are  made  to  sHde  backwards 
and  fonvards,  in  order  to  allow  the  liquid  to  be  exa- 
mined, and  learn  how  far  the  purification  has  advanced. 
If  it  be  desired  to  hasten  the  februation,  sulphuric  or 
hydrochloric  acid  Ls  added,  in  the  proportion  of  one 
pound  of  acid  to  fifty  gallons  of  spirit.  The  object  of 
such  additions  is  to  hberate  more  freely  the  acid  in 
combination  with  the  potassa,  and  thus  bring  the  whole 
of  the  oxygen  within  reach  of  the  carbides  of  hydrogen, 
and  the  other  analogous  impurities ; 

3 Eqs.  of  bichromate  of  potassa,  when  decomposed  by 
3 Eqs.  of  hydrochloric  acid,  give 
3 Eqs.  of  chloride  of  potassium,  while 
6 Eqs.  of  chromic  acid  are  liberated ; thus. 


The  chromic  acid,  coming  in  contact  with  the  carbide 
of  hydrogen,  gives  off  oxygen  freely,  being  itself  re- 
duced to  the  state  of  sesquioxide  of  chromium — Cr^  O3 
— thus : 


When  the  oxidation  of  the  impurities  in  the  spiritous 
liquor  is  completed,  it  is  submitted  to  distillation  in  the 
usual  way,  and  a clear  colorless  product,  without  smeU, 
and  capable  of  being  burned  in  lamps,  or  for  any  other 
required  purpose,  is  obtained.  The  general  yield  of 
spirit  is  from  one  gallon  and  a quarter  to  two  and  a 
half  gallons,  and  rarely  three  gallons,  per  the  ton  of 
wood.  This  variation  in  quantity  is  due  often  to  the 
kind  of  wood  carbonized,  but  more  frequently  to  in- 
attentions in  regulating  the  proper  degree  of  heat. 

The  subjoined  is  a tabular  view  of  the  per  centage 
amounts  of  spirit  in  naphthas  of  different  specific  gra- 
vities, di’awn  up  by  Dr.  Uee.  The  spirit  operated 
upon  in  these  experiments  was  purified  by  distilla- 
tion over  quicklime,  at  the  heat  of  a water-bath,  the 
temperature  being  so  regulated  that  the  Hquid  had  a 
density  of  ‘8136  at  60°  Fahr. 
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Rp.  gr. 

Real  Spirit, 
per  cent. 

Over  Excise 
proo£ 

Sp.  gr. 

Real  Spirit, 
per  cent. 

Over  Excise 
proo£ 

•8136 

100-00 

•9032 

68-50 

13-10 

8216 

98-00 

64-10 

9060 

67-56 

11-40 

8256 

96-11 

61-10 

9070 

66-66 

9-30 

8320 

94-34 

58-00 

9116 

65-00 

7-10 

8384 

92-22 

55-50 

9154 

63-30 

4-20 

8418 

90-90 

52-50 

9184 

61-73 

2-10 

8470 

89-30 

49-70 

Underproofl 

8514 

87-72 

47-40 

9218 

60-24 

0-60 

8564 

86-20 

46-60 

9242 

58-82 

2-50 

8596 

84-75 

42-20 

9266 

57-73 

4-00 

8642 

83-33 

39-90 

9296 

56-18 

7-00 

8674 

82-00 

37-10 

9344 

53-70 

11-00 

8712 

80-64 

35-00 

9386 

51-54 

15-30 

8742 

79-36 

32-70 

9414 

50-00 

17-80 

8784 

78-13 

30-00 

9448 

47-62 

20-80 

8820 

77-00 

27-90 

9484 

46-00 

25-10 

8842 

75-76 

26-00 

9518 

43-48 

28-80 

8876 

74-63 

24-30 

9540 

41-66 

31-90 

8918 

73-53 

22-20 

9564 

40-00 

34-20 

8930 

72-46 

20-60 

9584 

38-46 

35-60 

8950 

71-43 

18-30 

9600 

37-11 

38-10 

8984 

70-42 

16-16 

9620 

35-71 

40-60 

9008 

69-44 

15-30 

M.  Deville  has  likewise  completed  a table,  showing 
the  quantity  of  real  spirit  in  naphtha  of  different  specific 
gravities,  at  48‘5°  Fahr. 


tity  of  water. 

Specific  gravity. 

00  per  cent 

10  “ 

0-8371 

20  “ 

0-8649 

30  “ 

0-8873 

40  “ 

0-9072 

50  “ 

0-9232 

60  “ 

0-9429 

70  “ 

0-9576 

80  “ 

0-9709 

90  “ 

0-9751 

95  “ 

0-9857 

The  same  authority  says,  if  the  above  results  are 
brought  to  a temperature  of  60°  Fahr.,  it  will  be  found 
there  is  an  almost  complete  correspondence  between 
alcohol  and  wood  spirit,  and  that  the  latter,  equally  with 
the  former,  exhibits  a maximum  of  contraction,  which 
always  occms  on  the  combination  of  one  part  of  wood 
spirit  with  three  parts  of  water,  id  est,  in  a mixture 
containing  45'75  per  cent,  of  water.  Ure  has  also 
constructed  a table  of  the  specific  gravities  of  mixtures 
of  wood  spirit  and  water;  but  he  has  given  0'8136  as 
the  specific  gravity  of  anhydrous  wood  spirit,  at  a tem- 
perature of  60°  Fahr.  The  lowest  specific  gravity  to 
which  pyroxylic  spirit  has  been  brought  in  this  country, 
is  0’812.  Dumas,  however,  states  that  its  density  at 
the  temperature  of  68°  is  0"798,  and  that  of  its  vapor 
1’120,  and  that  its  point  of  ebulhtion  is  152°,  at  a pres- 
sure of  thirty  inches.  Mitscherlich  gives  0'798  as 
its  specific  gravity,  and  180°  Fahr.  as  the  hoihng  point. 
SCANLAN  gives  0'828  as  the  specific  gravity,  and  150° 
as  the  boiling  point.  The  specific  gravity  0'798,  ap- 
pears to  bo  the  correct  one,  as  foimd  by  Dumas  and 
Mitscherlich,  and  from  several  experiments  the 
Editor  performed  in  Germany,  its  boiling  point  ranges 
between  150°  and  160°  Falir. 

Acetone,  anesite,  eupion,  et  cetera,  in  variable  pro- 
portion in  wood  naphtha,  cause  the  density  to  alter 
considerably;  likewise  its  solvent  power,  as  regards 
sheU-lac,  sandarac,  and  other  resins,  is  materially  af- 
fected hy  the  presence  or  absence  of  such  bodies. 


Their  existence  is  to  be  attributed  to  the  various  me- 
thods of  preparing  the  spirit,  also  to  the  want  of  proper 
care  in  managing  the  operations  to  which  it  is  sub- 
jected. Pure  pyroxyhc  spirit  will  not  answer  every 
purpose  for  which  it  is  required  in  the  arts.  The  purest, 
and  that  possessing  the  lowest  specific  gravity,  is  pre- 
ferable for  lamps  as  a source  of  heat ; but  for  dissolv- 
ing resins,  and  especially  gum  sandarac  and  mastic, 
painters  and  French  polishers  choose  spirit  holding 
some  of  the  impurities  in  solution.  Wood  spirit  of  a 
low  specific  gravity,  and  devoid  of  acetone,  et  cetera,  is 
procured  by  liming  the  raw  liquor  and  distilling,  whilst 
that  obtained  by  distilling  off  the  refined  portion  of  the 
crude  liquor,  without  saturating  with  the  caustic  earth, 
is  an  excellent  menstruum  for  the  solution  of  certain 
resins.  The  spirit  in  tlie  former  case  has  an  incipient 
gravity,  and  is  miscible  with  water,  while  in  the  latter 
it  is  weaker,  and  water  renders  it  milky. 

Pure  pyroxylic  spirit  is  sometimes  used  medicinally 
in  pulmonary  affections.  It  is  readily  distinguished 
from  pyroacetic  spirit  by  a concentrated  solution 
of  chloride  of  calcium,  which  is  miscible  vdth  the- 
wood  spirit,  and  not  with  the  pyroacetic  spirit  or  ace- 
tone. 

Purification  of  Pyroligneous  Acid,  or  Wood 
Vinegar. — The  purification  of  the  acid  is  effected  by 
saturating  the  crude  liquor  remaining  after  the  spirit 
has  heen  separated,  with  a base,  evaporating  to  dryness 
and  calcining  the  dry  salt,  so  as  to  decompose  the  olea- 
ginous and  tarry  matters  present,  and  afterwards  dis- 
tilling this  body  with  an  acid — sulphuric  or  hydro- 
chloric acid — and  rectifying  the  distillate  repeatedly 
over  chloride  of  calcium  or  carbonate  of  soda.  Lime  or 
soda  is  generally  employed  for  this  purpose.  The  acid 
liquor  is  run  off  from  the  still  into  the  tanks,  after  the 
naphtha  has  been  expelled,  to  deposit  a portion  of  its 
impurities ; it  is  next  pumped  into  another  pan,  and  milk 
of  hme,  or  burned  lime,  made  into  a tliick  paste  with 
water,  added  slightly  in  excess,  and  the  mixtee  boiled 
for  a short  time,  and  then  nm  off  into  a vessel  to  rest 
for  ten  or  twelve  hours.  During  tliis  time  the  excess 
of  lime  and  part  of  the  impurities  combined  with  it 
precipitate,  when  the  supernatant  hquid  is  ready  to  be 
pumped  into  the  evaporating  pans.  If  the  crude  acid 
liquor  is  distilled  before  neutralizing  ■with  Hme,  the  dis- 
tillate is  saturated  with  lime  in  an  appropriate  cistern 
or  vat,  and  when  the  soHd  matters  have  subsided,  the 
clear  fluid  is  pumped  into  the  evaporating  pans.  In 
some  works  the  evaporators  are  wooden  vessels,  lined 
with  lead,  in  which  is  a coil  of  hon  piping,  through 
wliich  steam  passes,  while  in  others  they  use  shallow 
pans  of  sheet-iron,  having  a fire  beneath  them.  In  either 
case  the  Hquid  is  frequently  stirred  -with  a large  wooden 
spatula,  and  the  matters  which  rise  to  the  top  diuing 
evaporation  are  carefully  skimmed  off. 

As  the  evaporation  of  the  Hquor  advances,  the  ace- 
tate of  Hme  crystalHzes,  forming  a layer  on  the  sur- 
face ; this  is  coUected  'wdth  large  scoops  or  ladles,  and 
deposited  in  baskets,  supported  on  a frame,  which  are 
directly  over  the  pans,  and  thus  the  cooHng  of  the 
drainings  is  prevented.  The  whole  of  the  acetate  of 
Hme  is  thus  removed,  and  if  the  crude  acid  be  distiUed 
previous  to  saturation  with  Hme,  the  acetate  of  Hrno 
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wliich  it  produces  is  called  grey  acetate, — if  the  acid  be 
neutralized  without  distillation,  the  lime  salt  is  called 
hrown  acetate.  The  acetate  is  then  heated  in  a drying 
furnace  at  a temperature  of  450°  Fahr.,  to  carbonize 
the  resinous  and  other  impurities.  To  obtain  the  pure 
acid,  the  grey  acetate  of  Hme  is  dissolved  in  water  tiU 
the  solution  has  a specific  gravity  of  1'200;  filtered  to 
separate  the  carbon  which  results  from  the  decompo- 
sition of  the  tar,  et  cetera;  sulphate  of  soda,  in  pow- 
der, is  added,  and  the  whole  menstruum  briskly  agi- 
tated, to  insure  the  complete  decomposition  of  the  lime 
salt.  Sulphate  of  soda  is  to  be  added  until  a small 
portion  of  the  liquor  shows  no  precipitate  on  the 
adtlition  of  a concentrated  solution  of  this  salt.  The 
quantity  of  crystallized  sulphate  of  soda  required  to 
effect  a complete  decomposition,  is  about  four  times 
the  weight  of  acetate  of  lime  operated  upon ; this  large 
amount  of  the  decomposing  body  needed,  is  owing  to 
the  formation  of  a double  salt,  as  expressed  below. 

Ca  0,  C4  Hg  O3  -j-  2 (Na  0,  S Og)  = Na  0,  C4  Hg  Og 

' Y — V"  ■■  " ^ 

Acetate  oflime.  Acetate  of  soda. 

-f  Ca  0,  S Og,  Na  0,  S Og. 

Double  salt 

The  solution  of  acetate  of  soda,  after  the  subsidence 
of  the  sulphate  of  soda  and  hme,  is  drawn  off  to  evapo- 
rate, and  the  precipitate  washed  with  water  tiU  the 
liquor  is  nearly  tasteless ; the  washings  may  be  retained 
to  dissolve  fresh  quantities  of  acetate  of  lime.  The 
acetate  of  soda  liquor  is  concentrated  in  pots  six  feet 
diameter,  and  three  feet  deep,  taking  care  to  separate 
any  impurities  that  may  rise  to  the  top,  tiU  it  acquires 
a density  of  1’300.  If  it  happened  that  an  excess  of 
sulphate  of  soda  had  been  used  in  the  decomposition  of 
the  hme  salt,  it  wiU  now  crystaUize ; it  is  removed  by 
the  scoops  or  ladles,  and  thrown  into  a wicker  basket 
above  the  evaporating  pans,  so  that  the  drainings  may 
flow  back  to  the  remaining  hquor  without  coohng. 
After  separating  the  crystaUized  sulphate  of  soda,  the 
liquor  is  aUowed  to  rest  for  eight  or  ten  hours,  to  de- 
posit impurities — tar,  et  cetera — that  are  liberated 
during  the  boiling,  and  afterwards  drawn  off  to  the 
crystaUizing  pans,  where  it  remains  for  three  to  five 
days.  The  crystals  are  then  removed,  and  the  mother 
hquor  again  concentrated  to  1‘300,  the  tarry  matters 
removed  as  before,  and  run  off  to  recrystahize ; and  so  on, 
tiU  the  mother  hquor  no  longer  yields  crystals.  This 
hquor  is  evaporated  to  dryness,  and  the  residue  calcined ; 
at  a red  heat,  carbonate  of  soda  is  formed,  and  may  be 
extracted  by  solution  in  water,  or  the  brownish  residue 
is  calcined  at  450°  Fahr.,  and  acetate  of  soda  dissolved 
out  by  water.  The  crystals  of  soda  salt  above  obtained 
are  dissolved  in  fresh  quantities  of  water,  and  re-evapo- 
rated  tiU  the  solution  is  1'500;  left  to  repose  for  ten 
hours,  the  resinous  bodies,  separated,  and  recrystallized 
at  a density  of  1‘50:  the  mother  hquor  is  treated  as 
above  detailed. 

Next,  the  crystals  are  aUowed  to  undergo  the  aque- 
ous fusion  at  a temperature  of  400°,  in  an  iron  pot, 
and  the  mass  kept  constantly  stirred  till  the  whole  of 
their  water  of  crystallization  is  eliminated.  During 
this  part  of  the  operation,  the  greatest  precautions  are 
to  be  observed  as  to  the  maintaining  of  an  even  tem- 


perature— 450°  Fahr. — and  guarding  against  any  sparks 
coming  into  contact  vrith  the  torrefying  mass;  this 
would  destroy  the  whole  of  the  compound,  as  it  bums 
like  tinder  in  contact  with  fire.  A white  fume  rising 
from  the  hquefied  salt  is  an  indication  that  a part 
is  suffering  decomposition  from  the  too  elevated  tem- 
perature, which  should  be  immediately  checked  by 
throwing  open  the  fire  doors,  or  removing  the  fire 
altogether,  if  the  pot  be  too  hot.  The  termination  of 
the  drying  is  known  by  the  subsidence  of  frothing, 
and  by  the  fused  mass  presenting  the  appearance  of 
an  oily  liquid,  at  which  stage  it  is  drawn  off  by  a 
pipe  issuing  from  the  bottom  of  the  pot,  or  it  may  be 
ladled  out,  aUowed  to  cool  on  iron  plates,  and,  when 
solidified,  broken  up  into  fragments.  On  dissolving 
this  compound  in  twice  its  weight  of  water,  filtering 
tluough  bags  similar  to  Fig.  25,  and  crystaUizing,  a 


Fig.  25. 


very  pure  acetate  of  soda 
is  obtained.  For  the  pro- 
duction of  acetic  acid  from 
acetate  of  soda,  a quantity 
of  this  salt  is  put  into  a 
stout  copper  stiU,  and  a 
deep  cavity  made  in  the 
centre  of  the  mass,  into 
which  sulphuric  acid,  of 
sp.  grav.  1’84,  is  poured, 
in  the  proportion  of  thirty- 
five  per  cent,  of  the  weight 
of  the  salt;  the  walls  of 
the  cavity  are  thrown  in 
upon  the  acid,  and  the 
whole  briskly  agitated 
with  a wooden  spatula. 
The  head  of  the  stUl  is 
then  luted,  and  connect- 
ed with  the  condensing 
worm,  and  tlie  distiUation  carried  on  at  a very  gentle 
heat.  The  worm  should  be  of  silver  or  porcelain,  as 
also  the  stUl  head,  and  even  silver  solder  should  be  used 
to  connect  the  joinings  in  the  body  of  the  stiU. 

In  some  factories  it  is  usual  to  have  the  lower  half 
of  the  stUl  encased  in  an  iron  jacket,  which  receives 
high  pressure  steam,  or  holds  oil,  taUow,  or  fusible 
metal : when  steam  is  used,  the  under  part  of  the  iron 
jacket  should  be  furnished  with  a stopcock,  which 
is  tinned  on  at  intervals,  to  aUow  the  condensed  water 
to  flow  off;  and  where  oU  or  taUow  is  the  medium 
that  gives  heat  to  the  boUer,  a safety  tube  should  rise, 
by  which  any  oleaginous  vapors  are  carried  off  if  the 
temperature  should  happen  to  be  too  high.  The  iron 
jacket  is  placed  directly  over  the  fire  in  case  of  the 
oils  or  fusible  metal  being  employed,  and  the  heat 
given  off  by  those  substances  is  sufficient  to  distil  the 
acid.  Towards  the  end  of  tlie  distillation,  the  acid 
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passing  ov.er  acquires  an  empyreumatic  odor : as  soon 
as  this  is  observed  the  receiver  must  be  changed,  and 
the  last  portions  collected  in  a separate  vessel.  An 
almost  colorless  acid,  of  spec.  grav.  1-05,  containing 
about  forty-five  per  cent,  of  anhydrous  acetic  acid, 
passes  over.  The  slight  coloration  of  the  acid,  or  any 
empyreiuna,  may  be  almost  immediately  removed  by 
infusing  with  it  a very  small  quantity  of  well-burnt,  web- 
washed  bone-black ; or  by  running  it  off  into  barrels 
which  are  replenished  with  chips  of  beechwood ; it  will 
be  found,  in  about  a fortnight,  to  he  clarified  and  ready 
for  sale.  Strong  acid  is  procured  by  distilling  the 
preceding  acid,  of  spec.  grav.  1-05,  with  fused  chloride 
of  calcium,  receiving  the  distillate  in  a refiigerator ; 
part  of  the  acid  which  passes  over  crystallizes;  the 
crystals  are  removed  and  dissolved  in  their  own  water, 
and  subjected  to  a second  rectification,  as  before,  and 
this  continued  till  the  whole  of  the  acid  crystallizes  at 
55°  Falir. : these  crystals  dehquesce  at  the  ordinary 
temperature,  giving  the  acid  of  spec.  grav.  1’063, 
which  is  a monohydrate.  If  the  acid,  spec.  grav.  1'05, 
be  required  for  culinary  purposes,  pickling,  et  cetera,  it 
is  diluted  with  about  five  times  its  weight  of  water,  to 
render  it  of  the  same  strength  as  revenue  proof  vine- 
gar; a little  caramel — burned  sugar — dissolved  in 
water,  and  occasionally  a little  acetic  ether,  are  added, 
to  confer  a deep  color,  and  aroma. 

When  the  acid  is  required  for  the  fabrication  of  the 
other  compounds  used  in  the  arts  and  manufactures, 
where  great  purity  is  not  essential,  it  is  prepared 
direct  from  the  crude  hme  salt  by  distillation  with  sul- 
phuric acid.  In  some  of  the  Welsh  factories,  the  fol- 
lowing is  the  mode  of  working : — A cast-iron  cylinder, 
four  feet  long  and  two  feet  in  diameter,  having  one  end 
closed  tightly  by  a stout  iron  door,  the  front  end  being 
secured  by  a door  firmly  screwed  on,  which  may  he  re- 
moved at  pleasure,  is  provided ; this  door  is  divided 
into  two  parts,  the  upper  part  being  two-thirds,  and  the 
lower,  one-third  of  the  whole.  In  the  upper  division 
a stout  iron  rod  passes,  and  runs  along  the  length  of 
the  cylinder  to  the  opposite  end,  where  it  is  fixed  in  a 
groove.  From  that  portion  of  the  rod  which  is  within 
the  cylinder,  numerous  bars  project  at  right  angles,  and 
extend  through  the  whole  concavity  of  the  cylinder.  A 
movable  door  occupies  the  lower  division  of  the  front 
of  the  apparatus,  through  wliich  the  contents  of  the 
interior  are  withdrawn,  and  the  convex  part  of  the 
cylinder  is  furnished  with  an  opening,  to  which  a door 
is  screwed : the  apparatus,  thus  completed,  is  termed 
an  agitaier.  The  cylinder  is  placed  horizontally  in 
brickwork,  and  the  opening  in  the  upper  part  afibrds  the 
means  by  which  the  proper  quantity  of  acetate  of  lime 
and  sulphuric  acid  is  introduced,  in  the  proportion  of 
100  of  the  former  to  60  of  the  latter.  After  charging 
the  cylinder,  motion  is  communicated  to  the  axis 
passing  through  the  upper  part  of  the  door,  either  by 
machinery  or  manual  labor.  When  the  contents  of 
the  agitator  are  completely  comminuted,  it  is  then  drawn 
off  by  means  of  the  movable  door  in  the  lower  part  of 
the  front  end,  into  a vessel  placed  below  to  receive  it, 
out  of  which  the  half-hquid  or  pulpy  mass  is  ladled  into 
strong  cast-iron  trays,  of  three  to  four  feet  in  length,  two 
feet  wide,  and  about  two  inches  in  depth : these  trays 


are  afterwards  deposited  in  an  oven  five  feet  long,  three 
wide,  and  the  same  in  height,  being  separated  from  one 
another  by  iron  rods  laid  between  them,  and  on  which 
they  rest.  A pipe  passes  off  from  the  far  end  of  this 
case,  wherein  the  gaseous  acetic  acid  flows  to  the  con- 
denser, which  is  generally  a stout  leaden  pipe,  placed 
in  a stream  of  cold  water.  Fire  is  directly  applied  to 
the  bottom  of  the  oven,  and  continued  tiU  the  whole  of 
the  acid  is  expelled.  The  crude  acid  that  is  thus  pro- 
cured in  large  quantities,  is,  for  the  most  part,  forwarded 
to  London  for  purification  from  foreign  bodies,  such  as 
sulphurous  acid,  sulphur,  and  traces  of  sulphide  of 
hydrogen,  arising  from  the  action  of  the  carbonaceous 
matters  in  the  salt  upon  the  sulphuric  acid ; resinous 
and  tarry  bodies,  with  a large  quantity  of  coloring 
matters,  also  accompany  the  acid,  and  from  which  it 
is  freed  by  redistilling  with  a httle  bichromate  of  po- 
tassa,  or  bicarbonate  of  soda.  This  second  distillation 
is  effected  in  leaden  vessels,  which  are  encased  by  a 
cast-iron  cylinder. 

The  ordinary  yield  of  acetic  acid  from  one  ton  of  the 
crude  acetate  of  lime,  when  treated  with  twelve  hun- 
dredweight of  rectified  sulphuric  acid,  spec.  grav.  1'84, 
or  fifteen  hundredweight  of  acid  of  1‘77,  and  one  ton  of 
water,  is  one  ton  and  a half  of  rough  acid,  of  spec.  grav. 
1'05.  Copper  stiUs,  or  cast-iron  stills  with  fiat  earthen- 
ware or  tin  heads,  often  serve  for  the  second  distillation. 

To  obtain  acetate  of  lime  in  a sufiicient  state  of  purity, 
VoLCKEL  saturates  the  crude  acid  with  lime,  without 
previous  distillation,  whereupon  a part  of  the  resinous 
impurities  separates  in  combination  with  lime,  while 
the  rest  remains  in  the  hquid,  imparting  to  it  a dark- 
brown  color ; the  liquid  is  clarified  by  filtration,  or  by 
simply  leaving  the  impurities  to  settle  down,  and  after- 
wards evaporated  in  an  iron  pot  to  about  one  half  its 
bulk.  Hydrochloric  acid  is  then  added,  wliich  causes 
the  dissolved  resin  to  separate,  and  also  the  decompo- 
sition of  the  lime-compounds  of  creasote  and  other 
volatile  substances ; the  former  collects  together  in  the 
boiling  hquor,  so  that  it  can  be  easily  skimmed,  and  the 
latter  are  expelled  during  the  evaporation.  The  quantity 
of  hydrochloric  acid  required  for  this  purpose,  varies,  of 
course,  with  the  constitution  of  the  wood  vinegar,  which 
again  varies  with  the  degree  of  moisture  of  the  wood 
from  which  the  acid  is  obtained;  but  the  weight  is 
from  four  to  six  pounds  for  a hundred  and  fifty  litres — 
thirty-three  gallons — of  the  wood  vinegar,  or  as  much 
as  wfll  communicate  a slightly  acid  reaction  to  the 
liquor.  The  solution  of  acetate  of  Hme  is  then  further 
evaporated,  and  ultimately  dried  at  a high  tempera- 
ture, to  expel  aU  volatile  substances.  Evaporation  and 
drying  may  generally  be  performed  in  the  same  iron 
vessel ; but  in  operating  on  a very  large  scale,  it  is  best 
to  dry  the  salt  on  cast-iron  plates;  the  exsiccation 
requires  the  greatest  care.  The  volatile  empyreumatic 
substances  adhere  very  tenaciously  to  the  acetate  of 
lime,  and  to  the  resin  contained  in  it,  and  imless  driven 
off  by  heat  they  pass  over  in  the  subsequent  distillation, 
together  with  the  acetic  acid,  and  impart  to  it  a bad 
smell;  the  desiccation  must,  therefore,  he  continued 
till  the  acetate  of  Hme  becomes  inodorous,  or  nearly 
so : when  thoroughly  dried,  it  has  a dirty-brown  color. 

To  procure  the  acetic  acid,  the  purified  Hme-compound 
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is  distilled  with  hydrochloric  acid.  The  distillation 
may  be  performed  in  a stiU,  with  copper  head  and 
leaden  condensing  tube.  If  the  operation  be  conducted 
wth  proper  care,  neither  copper  nor  lead  is  found  in  the 
distillate.  The  quantity  of  hydrochloric  acid  required 
cannot  he  exactly  given,  because  the  acetate  of  lime 
contains  variable  proportions  of  foreign  matters,  vide- 
licet, resin,  and  chloride  of  calcium  already  formed.  In 
general,  however,  from  ninety  to  ninety-five  parts  of 
hydrochloric  acid  of  spec.  grav.  1'16,  will  completely 
decompose  a hundred  parts  of  acetate  of  lime,  without 
causing  the  distillate  to  be  much  contaminated  with 
liydrochloric  acid.  In  any  given  case,  the  quantity  of 
hydrocliloric  acid  required  is  easily  determined  by  an 
experiment  on  a small  scale.  The  apparatus  may 
likewise  be  so  arranged  as  to  allow  of  the  subsequent 
addition  of  hydrochloric  acid,  if  the  quantity  first  used 
be  found  insufficient.  Whether  the  amount  introduced 
is  enough,  may  be  known  by  testing  the  distillate  with 
nitrate  of  silver ; so  long  as  mere  turbidity  is  pro- 
duced, one  may  be  sure  that  the  hydrochloric  acid  is 
not  in  excess. 

Distillation  of  the  acetic  acid  proceeds  with  ease  and 
regularity.  The  acetate  of  lime  dissolves  in  the  hydro- 
chloric acid,  forming  a dark-colored  liquid,  while  a 
quantity  of  dark  resin  separates.  As  the  whole  mass 
is  liquid,  the  heat  diffuses  through  it  easily ; and  as  the 
acetic  acid  passes  over  between  212“  and  248“  Fahr., 
and  the  acetate  of  lime  has  been  already  exposed  in 
drying  to  a higher  temperatme,  the  distilled  acid  is 
but  very  slightly  contaminated  with  empyreumatic 
products,  resulting  from  decomposition  of  the  resin : 
moreover,  the  resinous  matters,  being  lighter  than  the 
chloride  of  calcium  solution,  float  on  the  top,  and  do 
not  form  hard  incrustations  in  the  stiU. 

The  distilled  acetic  acid  has  but  a very  slight  empy- 
reumatic odor,  which  is  also  very  diflerent  from  that  of 
crude  wood  vinegar.  It  is  perfectly  colorless,  and  if 
the  hydrocliloric  acid  has  not  been  added  in  excess, 
gives  but  a slight  cloud  with  nitrate  of  silver.  Any 
yellow  tint  that  it  may  exhibit,  arises  from  particles  of 
resin  mechanically  carried  over ; for  the  resin,  separated 
from  the  acetate  of  lime  by  the  hydrochloric  acid, 
melts  as  the  temperature  rises,  and  forms  a fluid  layer 
on  the  surface  of  the  chloride  of  calcium  solution,  which 
is  very  apt  to  cause  spirting ; the  resin  should,  there- 
fore, be  removed  as  far  as  possible  before  distillation, 
either  by  skimming  it  with  a spoon,  or  by  filtration 
through  a linen  cloth.  The  specific  gravity  of  the 
acetic  acid  obtained  by  this  process,  varies  from  1'058 
to  I'OGl,  and  it  contains  more  than  forty  per  cent,  of 
anhydrous  acetic  acid.  As,  however,  acetic  acid  of 
this  degree  of  concentration  is  rarely  used,  and  a some- 
what weaker  acid  is  more  easily  separated  by  distilla- 
tion from  the  solution  of  cliloride  of  calcium,  it  is  better 
to  add  a certain  quantity  of  water,  either  before  or 
towards  the  end  of  the  distillation.  A good  proportion 
is  one  hundred  parts  acetate  of  lime,  from  ninety  to 
ninety-five  of  hydrochloric  acid,  and  twenty-five  of 
water ; this  gives  from  ninqty-five  to  a hundred  parts  of 
acetic  acid,  of  spec.  grav.  1'015.  In  this  manner,  thirty- 
three  gallons  of  wood  vinegar  will  yield  sixty  pounds 
of  acetic  acid  of  the  above  strength.  Acetic  acid  thus 


obtained,  may  be  stiU  further  purified  by  mixing  it  with 
a small  quantity  of  carbonate  of  soda,  and  redistilling. 

The  acid  which  passes  over  is  free  from  hydro- 
chloric acid  and  perfectly  colorless,  but  still  retains  a 
slight  empyreumatic  odor ; but  this  may  be  removed 
by  distilling  it  with  two  or  three  per  cent,  of  bichro- 
mate of  potassa  instead  of  carbonate  of  soda.  Acetic 
acid  purified  with  bichromate  of  potassa  is,  in  fact, 
undistinguishable  from  that  which  is  obtained  from 
pure  acetate  of  soda  by  distiUation  with  sulphuric  acid, 
or  from  pure  acetate  of  hme  wth  hydrochloric  acid. 
It  does  not  exMbit  the  slightest  color  when  heated  with 
strong  sulphuric  acid,  nor  does  it  reduce  the  merest 
trace  of  silver  when  boiled  with  nitrate  of  sUver  and 
ammonia.  When  saturated  with  oxide  of  lead,  it 
pelds  a white  salt,  the  analysis  of  which  agrees  per- 
fectly with  that  of  pure  acetate  of  lead.  Peroxide  of 
manganese  may  also  be  used  for  the  februation,  instead 
of  bichromate  of  potassa ; but  the  acid  thus  purified, 
gives,  after  a while,  a slight  turbidity  with  nitrate  of 
silver.  Any  empyreumatic  odor  that  it  may  retain, 
may  be  removed  by  digestion  with  pure  animal  char 
coal.  As  the  acetic  acid  can  be  easUy  freed  from 
hydrochloric  acid,  a slight  excess  of  the  latter  durhig 
distiUation  is  not  injurious ; on  the  contrary,  the  pre 
sence  of  a small  quantity  of  hydrochloric  acid  is  very 
useful  for  the  purification  of  the  acetic  acid,  udth  per- 
oxide of  manganese  or  bichromate  of  potassa. 

Eectification  of  acetic  acid  with  bichromate  of 
potassa,  or  with  the  peroxide  of  manganese,  may  be 
very  weU  conducted  in  a copper  stUl,  with  leaden  con- 
densing tube.  The  acid  thus  prepared  can  only  be 
contaminated  with  a smaU  quantity  of  acetate  of  lead. 
If,  however,  access  of  air  be  prevented  dmlng  the  dis- 
tiUation, this  impurity  will  be  confined  to  the  first  and 
last  portions  of  the  distUlate ; and  by  collecting  these 
apart,  to  be  used  for  the  preparation  of  acetate  of  lead, 
the  most  part  of  the  acid  may  be  obtained  free  from 
lead.  By  observing  these  precautions,  the  operator 
may  dispense  with  the  use  of  glass  or  silver  heads  and 
condensing  tubes.  The  entrance  of  air  into  the  con- 
densing tube  may  be  prevented  by  closing  the  end  of 
the  tube  with  a cork,  through  which  is  inserted  a glass 
tube,  bent  in  the  fonn  (/). 

The  preparation  of  acetic  acid  by  the  method  just 
described,  may  be  rendered  simpler  by  subjecting  the 
wood  vinegar  to  a previous  distiUation,  and  thereby 
removing  the  greater  part  of  the  resin  before  forming 
the  lime  salt.  But  this  distiUation  obviously  entails 
increased  expense  for  labor  and  fuel,  because  the  same 
Hquid  must  be  twice  evaporated ; moreover,  part  of  the 
acetic  acid  remains  with  the  tar  in  the  retort.  On  tlie 
smaU  scale,  the  loss  thus  occasioned  is  unimportant, 
but  in  a large  manufactory  it  would  amoimt  to  some- 
thing considerable  in  the  course  of  a year. 

By  previous  distiUation  of  the  wood  vinegar,  the 
expense  may  be  avoided  by  the  use  of  a compound 
still.  The  vapor  of  the  wood  vinegar,  instead  of  being 
condensed  immediately,  is  made  to  pass  into  a copper 
receiver,  contaming  the  quantity  of  lime  required  to 
saturate  the  acid,  which  is  thereby  completely  absorbed. 
If  the  copper  receiver  be  surrmmded  by  some  substance 
which  is  a slow  conductor  of  heat,  very  little  aqueous 
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vapor  condenses,  so  tliat  it  may  be  advantageously 
used  to  concentrate  a solution  of  lime,  resulting  from  a 
previous  operation.  This  process  is,  however,  more 
complicated,  and  does  not  yield  more  acetic  acid  than 
the  simpler  one  first  described. 

The  method  here  recommended  is  much  cheaper, 
and  yields  a much  purer  product,  than  the  ordinary 
method  of  distilling  impure  acetate  of  lime  with  sul- 
phuric acid ; further,  by  the  addition  of  hydrochloric 
acid  during  the  evaporation  of  impure  acetate,  the 
volatile  slightly  acid  bodies  contained  in  the  wood  vine- 
gar are  removed,  according  to  Schnedermann,  more 
easily  than  by  the  use  of  a solution  of  chloride  of  cal- 
cium, or  by  roasting  the  impure  acetate  of  Hme,  either 
per  se,  or  vuth  hydrate  of  lime.  In  the  latter  process, 
even  if  it  attains  the  desired  end,  a considerable  loss  is 
incurred  from  decomposition  of  the  acetate  of  lime,  in- 
asmuch as  that  substance,  from  its  infusibihty,  does  not 
admit  of  any  exact  regulation  of  the  heat. 

Hydrochloric,  instead  of  sidphuric  acid,  being  used 
in  the  decomposition  of  the  acetate  of  lime,  has  this 
great  advantage,  that  the  presence  of  resin,  coloring 
matter,  et  cetera,  in  the  acetate  of  lime,  is  harmless, 
providing  the  salt  has  been  sufficiently  heated  to 
drive  off  these  free  volatile  substances.  When,  on  the 
contrary,  sulphuric  acid  is  used,  the  acetic  acid  pro- 
duced always  has  a bad  odor,  is  satmated  with  sulphur- 
ous acid,  and  contaminated  by  a variety  of  products 
arising  from  the  deportment  of  the  resins  at  an  elevated 
temperature.  Besides,  the  sulphate  of  lime  forms  a 
hard  crust  at  the  bottom  of  the  retort,  and  in  distilling 
on  the  large  scale,  the  imder  part  of  the  alembic  must 
be  heaiod  '■ed-hot  to  drive  out  aU  the  acetic  acid.  The 
last  portions  of  acid  that  pass  over  are  often  turbid  from 
sulphur,  and  the  odor  of  sulpliide  of  hydrogen  becomes 
perceptible,  that  gas  arising  from  reduction  of  the  sul- 
phate of  lime  to  sulphide  of  calcium  at  the  bottom  of 
the  vessel ; from  this  cause  cast-iron  retorts  soon  be- 
come corroded. 

The  low  price  at  which  pure  acetic  acid  may  be  ob- 
tained by  the  method  above  described,  will  probably 


lead  to  its  more  extended  use  in  dyeing  and  calico  print- 
ing, and  it  may  also  bo  advantageously  used  in  the 
preparation  of  acetates,  especially  of  acetate  of  lead. 

Pure  Acetic  Acid  from  Brandy  Vinegar. — 
VoLCKEL  commends  a similar  process  for  the  prepara- 
tion of  pure  acetic  acid  from  brandy  vinegar ; the  pro- 
cess, however,  is  simpler,  inasmuch  as  brandy  vinegar 
is  much  less  impure  than  wood  vinegar. 

He  proceeds:  — Strong  brandy  vinegar — the  best 
for  this  purpose  is  that  which  contains  from  twelve  to 
fifteen  parts  of  anhydrous  acid,  a proportion  which  is 
obtained  in  some  manufactories — ^is  saturated  with  hme, 
and  the  turbid  and  colored  solution  is  strained  through 
a linen  cloth,  and  evaporated  to  dryness  in  an  iron 
vessel.  The  dried  salt  is  perfectly  white,  the  coloring 
matters  previously  contained  in  the  solution  having  been, 
for  the  most  part,  destroyed  by  the  action  of  the  air. 

The  decomposition  of  the  acetate  of  lime  is  effected 
by  hydrochloric  acid,  in  the  manner  already  described, 
excepting  that  the  acetate  of  hme  being  less  feculent 
than  that  obtained  from  wood  vinegar,  a larger  propor- 
tion of  hydrochloric  acid  is  required  for  its  decomposi- 
tion, videlicet,  about  one  hundred  and  thirty  parts  of 
acid  to  one  hundred  parts  of  the  lime  salt. 

Final  purification  of  the  acid  may  be  accomplished 
by  either  of  the  preceding  methods. 

Aromatic  Vinegar. — Crystallized  acetate  of  copper 
is  the  salt  most  usuaUy  employed  for  the  preparation 
of  this  compound.  Twenty  pounds  of  the  powdered 
acetate  of  copper  are  introduced  into  an  earthen  retort 
of  about  two  gahons  capacity ; the  retort  is  luted  and 
carefuhy  dried  before  applying  heat  for  distiUing  off 
the  acid,  and  by  this  precaution  it  lasts  much  longer. 
The  elongated  neck  of  the  retort  is  connected  with  a 
tubulated  receiver,  this  is  joined  to  several  others, 
of  which  the  last  is  furnished  with  a curved  safety- 
tube,  dipped  into  a vessel  of  water.  The  retort  is  in- 
serted into  a furnace,  and  a gentle  heat  applied  at  first, 
which  is  afterwards  gradually  increased ; the  rapid  or 
slow  development  of  vapor  serves  as  a guide  to  direct 
the  proper  appHcation  of  the  heat.  Fig.  26  shows  the 


Fig.  26. 


apparatus  on  a small  scale;  f is  the  furnace  which 
heats  the  retort,  A ; b b b are  tubulated  receivers,  im- 
mersed in  cold  water  in  the  coolers,  C c c ; the  last 
receiver,  b,  has  a Welter’s  safety  tube,  b,  the  long  arm 
of  which  dips  into  the  water  in  e,  where  any  imcon- 
densed  vapors  from  the  receivers  are  absorbed.  The  fire 
in  F is  lighted,  and  the  heat  gradually  raised  as  long  as 
any  vapors  pass  over;  if,  on  increasing  the  heat  towards 


the  end,  no  more  vapors  are  given  off,  the  distillation  Is 
terminated,  the  fire  is  withdrawn,  and  the  apparatus 
allowed  to  cool.  Twenty  pounds  of  the  copper  salt  pro- 
duce, by  distillation,  about  ten  pounds  of  rough  acid,  of 
a greenish  color,  and  1'061  spec.  grav. ; the  residuum  in 
the  retort  consists  of  six  and  a half  pounds  of  copper  in 
a metallic  state,  mixed  with  a small  quantity  of  char- 
coal. The  crude  acid  is  then  rectified  in  a glass  retort 
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of  the  capacity  of  about  one  gallon  and  a half,  to  which 
is  adapted  a tubulated  receiver,  and  heat  applied  by 
means  of  a sand-bath.  A weak  acid  comes  over  first, 
which  is  collected  separately  until  it  acquires  a density 
of  1-072  ; the  receiver,  is  then  changed,  and  the  distil- 
lation continued  till  the  condensed  products  begin  to 
acquire  an  empyreuma,  when  a third  receiver  is  sup- 
plied to  collect  the  last  portions.  An  acid,  of  spec, 
grav.  1-080  to  1-088,  is  foimd  in  the  second  vessel; 
the  first  and  last  portions  are  redistilled,  and  mixed 
with  the  stronger  acid  in  the  second  receiver.  The  acid 
from  twenty  pounds  of  acetate  of  copper,  upon  a second 
rectification,  yields  six  pounds  of  acid,  spec.  grav.  1-085; 
three  pounds,  spec.  grav.  1-042;  and  half  a pound  of 
acid,  spec.  grav.  1-023.  Other  metallic  acetates  may 
be  used  instead  of  the  copper  salt,  but  with  variable 
results  as  to  the  amount  of  acid  which  they  yield.  Ace- 
tates which  have  easily  reducible  oxides,  as  those  of 
copper,  silver,  mercury,  lead,  et  cetera,  afford  a larger 
proportion  of  acetic  acid;  acetone,  carbonic  oxide, 
carbonic  acid,  and  carbide  of  hydi-ogen,  are  likewise 
evolved  in  gi-eater  or  less  proportions,  and  reduced 
metal  is  invariably  left  in  the  retort.  The  acetate  of 
silver  gives  no  acetone  when  submitted  to  destructive 
distillation.  Acetates,  the  bases  of  which  retain  car- 
bonic acid  at  a red  heat,  produce  chiefly  the  carbonate 
of  the  base  and  acetome,  but  veryhttle  acetic  acid: 
such  are  the  acetates  of  potassa,  soda,  and  baryta ; and 
when  the  oxide  cannot  retain  carbonic  acid  at  a red  heat, 
as  is  the  case  ivith  the  acetates  of  magnesia,  zinc,  and 
manganese,  the  acetone  is  accompanied  by  carbonic 
acid,  and  the  oxides  of  such  metals  remain  in  the 
retort. 

The  small  amount  of  acetone  which  passes  over  -with 
the  acetic  acid,  in  the  distillation  of  acetate  of  copper, 
imparts  an  agreeable  aroma ; and  by  the  addition  of  a 
little  camphor  or  essential  oils,  the  aromatic  vinegar  of 
commerce  is  produced. 

Excise  Duty  on  Vinegak. — The  proof  vinegar  of 
the  revenue  has  a spec.  grav.  of  1-0085,  and  contains 
about  five  per  cent,  of  acetic  acid.  In  commerce,  this 
vinegar  is  represented  by  No.  24,  from  the  fact  that 
twenty-four  grains  of  pure  dry  carbonate  of  soda  are 
required  to  neutralize  a fluid  oimce.  Weaker  vinegars 
are  represented  by  the  Nos.  18,  20,  22,  according  to 
their  strength ; and,  as  in  the  foregoing  instance,  these 
figures  equal  the  number  of  grains  of  carbonate  of  soda 
that  will  saturate  a fluid  ounce.  Formerly,  a duty  of 
twopence  was  paid  on  every  gallon  of  vinegar  imported 
of  the  strength  above  mentioned,  and  if  the  vinegar  had 
been  double  proof,  a duty  of  fourpence  was  exacted. 
Now,  however,  this  duty  is  repealed  as  regards  the 
home-made  vinegar,  but  a license  of  five  guineas  is  paid 
by  every  manufacturer.  The  foreign  vinegar  imported 
is  still  subject  to  a duty  of  threepence  per  gallon  of  the 
revenue  strength. 

In  the  United  Kingdom,  in  the  year  1848,  there  were 
about  fifty  -vinegar  factories ; five  of  these  were  in  Lon- 
don, which  made  nearly  half  the  whole  quantity  pro- 
duced. 

The  specific  gravity  of  vinegar  is  sometimes  ascer- 
tained by  a species  of  hydrometer,  termed  an  acetometer. 
By  dipping  it  into  the  -vinegar  under  examination,  and 


observing  the  depth  to  which  it  sinks,  the  number  of 
the  scale  marking  the  level  of  the  liquid  indicates  the 
density  of  the  solution,  from  which,  by  means  of  a table, 
the  per  centage  of  real  acid  is  ascertained. 

Vinegar  made  from  dilute  alcohol,  or  ripe  wines,  in 
which  no  great  excess  of  albuminous  and  otlier  matters 
is  present,  can,  to  a certain  limit,  be  tested  -with  suffi- 
cient accuracy  by  the  acetomer ; but  other  -vdnegar, 
made  from  malt,  poor  -wines,  and  such  liquids  as 
contain  an  excess  of  organic  matters,  do  not  admit  of 
being  tested  -with  the  required  degree  of  accuracy  by 
this  method,  since  the  foreign  matters  increase  the 
density  of  the  hquid  -without  adding  to  its  quantity 
of  real  acetic  acid.  As  was  shown  at  page  3,  the 
specific  gra-vity  test  is  not  to  be  relied  on  beyond 
a certain  extent,  even  when  an  acid  is  produced 
from  pure  alcohol.  In  some  cases  the  -vinegar  is  satu- 
rated -with  chalk  or  milk  of  lime,  the  solution  filtered, 
and  the  specific  gi-avity  of  the  acetate  of  lime  liquor 
ascertained,  by  which  a nearer  approximation  is  ar- 
rived at  than  by  the  direct  testing  of  the  vinegar ; yet 
on  neither  of  these  two  methods  can  implicit  reliance 
be  placed.  Bkande  recommends  the  folio-wing: — A 
clean  dry  piece  of  marble  is  weighed,  and  suspended 
by  a silk  thread  in  a kno-wn  quantity  of  the  vinegar 
under  examination,  the  solution  being  occasionally 
stirred  -with  a glass  rod,  -without  detaching  any  splinters 
from  the  weighed  marble,  tfll  the  whole  of  the  acid  is 
saturated,  and  no  further  action  on  the  marble  is  ob- 
served. The  marble  is  then  taken  out,  washed  with 
distilled  water,  dried,  and  weighed — the  loss,  in  weight, 
which  it  has  sustained,  is  equal  to  the  quantity  of  acetic 
acid  present,  the  atomic  weight  of  carbonate  of  lime 
and  dry  acetic  acid  being  nearly  equal,  or  as  50  to  51. 

The  best  method  of  ascertaining  the  per  centage  of 
acetic  acid  in  -vinegar,  is  to  neutralize  it  with  pure 
carbonate  of  potassa  or  soda,  noting  the  quantity 
of  these  salts  required  to  saturate  the  acid,  and  by 
finding  this,  the  amount  of  real  acid  in  a sample 
is  ascertained  by  a simple  calculation ; for  every 
fifty-three  grains  of  the  pure  carbonate  of  soda,  or 
sixty-nine  grains  of  the  carbonate  of  potassa — one 
equivalent — indicate  fifty-one  grains,  or  one  equiva- 
lent, of  anhydrous  acetic  acid.  The  examination 
is  made  in  the  following  manner: — Five  himdred 
and  thirty  grains  of  pure  dry  car- 
bonate of  soda  are  dissolved  in  ten  Fig.  27. 
thousand  grains  of  distilled  water — ^ten 
alkalimetrical  measures — and  this  test 
solution  kept  in  a stoppered  bottle  for 
use.  An  ounce  of  the  vinegar  is  either 
weighed  or  measured,  and  put  into  a 
beaker  or  porcelain  dish,  and  one  thou- 
sand grains  of  tlie  test  solution — one 
alkalimetrical  measure,  equal  one  hun- 
dred divisions  of  the  alkalimeter.  Fig. 

27 — are  taken  and  poured,  in  successive 
small  portions,  into  the  -vinegar,  agitat- 
ing the  solution  well  -with  a glass  or 
porcelain  rod  after  each  addition.  The 
solution  is  tested  at  intervals  -with  blue 
litmus-paper,  and  while  its  color  is  reddened  when 
dropped  into  the  liquid,  and  tlie  effervescing  continues, 
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free  acid  is  still  in  the  menstruum,  and  a few  drops 
more  of  test  solution  must  be  added.  When  the 
saturation  of  the  vinegar  is  nearly  terminated,  heat  is 
applied  to  expel  the  carbonic  acid,  which  is  absorbed, 
and  would,  if  not  driven  off,  communicate  a faint  rose 
tint  to  the  test  paper,  and  thus  cause  an  error  in  the 
results.  If  the  paper  stiU  becomes  red  after  heating, 
a few  drops  more  of  the  alkaline  liquor  are  poured  in, 
till  the  paper  is  only  feebly  reddened. 

Sometimes  a few  drops  of  tincture  of  litmus  are  added 
in  the  beginning,  and  when  the  operation  draws  to  a 
close  the  litmus  regains  in  part  its  blue  color.  This, 
however,  offers  no  advantage,  for  the  acid  may  be 
completely  saturated  long  before  the  color  of  the  blue  lit- 
mus makes  its  appearance.  The  number  of  divisions 
of  the  test  liquor  required  to  saturate  the  acid  is  read  off, 
and  by  a rule  of  three  calculation  the  amount  of  acid 
in  the  sample  is  found — for  example,  since  five  hun- 
di'ed  and  thirty  grains  of  the  alkaline  carbonate,  equal 
to  ten  equivalents,  are  contained  in  ten  tliousand  grains 
of  distUled  water,  one  thousand  grains  of  tliis  solution 
— a hundred  divisions  of  the  alkalimeter — contain  fifty- 
three  grains,  or  one  equivalent,  of  carbonate  of  soda, 
which  are  capable  of  neutralizing  fifty-one  grains  of  dry 
acetic  acid.  Now,  if  fifty  divisions  of  the  soda  solution 
be  added  to  saturate  the  oimce  of  vinegar,  we  find  the 
amount  of  acid  by  the  annexed  proportion : — 

As  100:  51  ::  50:  25-5, 

which  is  the  quantity  of  acid  present  in  the  fluid  ounce 
of  vinegar  operated  upon.  An  ounce  measure  contains 
four  hundred  and  thirty-seven  grains,  which,  by  the 
above  calculation,  give  twenty-five  and  a half  grains  of 
dry  acetic  acid,  and  from  this  the  per  centage  of  acid  is 
estimated : — 

As  437  : 25-5  : : 100  : 5-83, 

the  real  amount  of  acetic  acid  in  a hundred  parts 
of  the  vinegar  examined.  The  trouble  of  this  calcu- 
lation is  dispensed  with  by  taking  five  hundred  grains 
of  the  vinegar,  instead  of  a fluid  ounce,  and  adding 
to  it  the  test  solution  as  before,  observing  the  same 
precautions  till  the  acid  is  neutralized.  A hundred 
divisions  of  the  alkalimeter  equal  fifty-one  gi’ains  of 
dry  acetic  acid;  consequently,  every  division  of  the 
solution  will  neutralize  0‘51  of  a grain  of  dry  acetic 
acid,  and  by  multiplying  the  number  of  measures  added 
by  the  factor  0'51,  and  dividing  the  product  by  5,  the 
amount  is  thereby  obtained.  Thus,  if  sixty  measures 
are  taken,  the  calculation  is — 

GO  X 0-51  = 30-60  -j-  5 = 6-12, 

the  per  centage  of  acid  in  the  vinegar. 

Instead  of  a soda  test  liquor,  a solution  of  ammonia 
is  used  to  satm-ate  the  acid.  This  solution  is  prepared 
by  adding  water  to  concentrated  ammonia  till  the  spec, 
grav.  is  0-992.  One  thousand  grains  of  this  dilute  ammo- 
nia contain  seventeen  grains — one  equivalent — of  pure 
ammonia,  which  is  capable  of  saturating  fifty-one  grains 
— one  equivalent — of  acetic  acid  The  application  of 
this  test  is  similar  to  that  already  described.  Five 
hundred  grains  of  vinegar  are  weighed  out,  and  the 
burette  filled  up  to  zero  with  the  ammoniacal  solu- 
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tion,  wluch  is  added  to  the  vinegar  tiU  neutralized;  the 
calculation  is  the  same  as  the  preceding,  that  is,  multi- 
plying the  number  of  divisions  by  0'51,  and  dividing  by 
5.  There  is  some  difficulty  in  preserving  the  dilute 
ammonia  of  the  same  strength,  which  is  an  objection  to 
its  use ; but  a imiformity  of  concentration  is  insured  by 
introducing  into  the  bottle  two  glass  drops,  so  adjusted 
that  one  remains  at  the  bottom  and  the  other  floats  just 
under  the  surface  of  the  hquid,  as  long  as  the  test  liquor 
maintains  the  proper  strength.  If,  by  exposure,  a part 
of  the  ammonia  escapes,  the  specific  gravity  of  the 
liquor  -will  become  proportionably  greater,  and  the  glass 
drops  rise — the  lower  one  higher  from  the  bottom,  and 
the  upper  one  partly  above  the  surface.  Wlien  this 
happens,  more  strong  ammonia  is  added,  tiU  the  hydi'O- 
static  drops  are  properly  readjusted. 

In  each  of  the  preceding  modes  of  testing,  it  is  evi- 
dent that,  should  the  vinegar  contain  any  admixture 
of  other  acids — such  as  sulphuric  acid,  hydi'ochloric  acid, 
or  the  like — these  wiU  increase  the  quantity  of  the 
alkaline  solution  required  to  neutralize  the  weight  of 
vinegar  taken  for  the  test ; and  the  amount  of  acetic 
acid  that  results  from  the  preceding  calculation  is  too 
high  in  proportion  to  the  quantity  of  those  foreign  acids. 
Prehminary  examinations  should  be  made  to  ascertain 
if  these  impurities  be  present,  and,  if  so,  their  amount 
determined. 

Sulphuric  Acid  in  Vinegar. — After  the  conver- 
sion of  malt,  beer,  weak  wines,  et  cetera,  into  vinegar, 
a putrid  fermentation  often  takes  place,  which  decom- 
poses the  whole  of  their  acetic  acid.  It  was  generally 
considered  necessary  that  a portion  of  sulphuric  acid 
should  be  added,  to  counteract  this  tendency  of  the 
hquid  to  decomposition,  and  to  preserve  it  from  tiu- 
bidity.  This  addition  was  permitted  to  the  extent  of 
one  gaUon  of  sulphuric  acid  to  one  thousand  gallons  of 
vinegar,  by  an  Excise  regulation,  and  had,  therefore,  a 
legal  sanction ; but  sulphuric  acid  is  now  known  to  be 
unnecessary  in  properly  prepared  vinegais,  although 
stUl  added  by  some  manufacturers  for  the  purpose  of 
increasing  the  strength  of  their  vinegars,  or,  in  some 
instances,  merely  from  habit  and  the  indisposition  to 
disturb  the  routine  of  an  old-established  practice. 
Sulphuric  acid  in  vinegar  shoidd  be  looked  upon  as 
a mark  of  inferior  quality;  for  it  is  only  where  the 
mode  of  manufacture  is  defective,  th^t  the  addition 
appears  to  be  at  aU  necessary.  The  seemingly  small 
admixture  of  one  part  of  sulphuric  acid  in  a thousand 
of  vinegar,  cannot  be  viewed  directly  as  a source  of 
internal  injury  to  the  consumer ; nevertheless,  it  does 
not  in  the  least  favor  digestion,  and  it  is  known  that,  in 
larger  quantities,  it  affects  the  coats  of  the  stomach. 
Besides  the  addition  of  the  one-thousandth  part  of  sul- 
phuric acid,  many  persons — makers  or  venders — add  a 
far  greater  proportion,  in  order  to  confer  that  acidity 
which  ought  only  to  be  produced  by  the  acetic  acid. 
Some  of  these  admixtiues  are  most  dangerous  to  the 
commimity,  as  often  the  commonest  oil  of  vitriol  is 
used  as  the  adulterant.  The  Editor  had,  not  long  since, 
an  opportunity  of  examining  a samjile  of  vinegar,  and 
found  it  contained  arsenic,  a fact  which  he  attributes 
to  the  use  of  common  pyrites  vitriol. 

Several  methods  have  been  given  in  chemical  books 
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for  the  detection  of  sulphuric  acid  in  vinegar  or  acetic 
acid,  some  of  which  cannot  be  applied  unless  the  sul- 
phuric acid  be  present  in  such  proportion  as  would 
make  the  most  reckless  shrink  from  sending  the  fabrica- 
tion into  the  market.  Here  will  be  enumerated  a few  of 
the  more  trustworthy  for  the  qualitative  and  quantita- 
tive estimation  of  sulphuric  acid  in  vinegars.  It  should, 
however,  be  borne  in  mind,  that  vinegar  made  from 
wine,  malt,  et  cetera,  contains  some  soluble  neutral 
sulphates,  these  being  natoal  constituents  of  the  grain 
or  grapes  from  which  the  wine  or  fermented  wort 
is  obtained;  and  that,  by  the  more  dehcate  tests,  this 
quantity  of  sulphuric  acid  in  combination  wih  be  indi- 
cated. 

The  most  fastidious  against  adulterations  cannot  ob- 
ject to  the  presence  of  these  minute  portions  of  soluble 
sulphates,  since  the  small  amount  of  acid  in  the  salts  is 
chemically  imited  with  a base,  and  therefore  cannot  in- 
juriously affect  the  animal  organism.  If  the  vinegar  be 
suspected  to  contain  a greater  quantity  of  sulphuric  acid 
than  authorized,  it  may  be  ascertained’ pretty  accurately 
by  making  a solution  of  sugar  in  tliirty  parts  of  water, 
bringing  the  liquid  to  a temperature  of  190°  or  200° 
Fahr.,  by  means  of  steam  heat;  if  a drop  of  the  sus- 
pected vinegar  be  added,  it  wiU  carbonize  the  sugar, 
causing  a blackish  spot  to  appear  at  the  point  where  the 
vinegar  came  in  contact  with  the  saccharine  solution. 
This  happens  when  the  innegar  contains  the  one  three- 
hundredth  of  its  weight  of  the  adulterant;  and  when 
the  amount  ranges  between  the  one  six-hundredth  and 
one  eight-hundredth  of  the  impurity,  a gi’eenish  spot 
appears. 

The  next  and  principal  test  is  the  precipitation  of  the 
sulphuric  acid  by  means  of  a soluble  salt  of  baryta,  in  the 
form  of  insoluble  sulphate  of  baryta,  which  falls  down  as 
a heavy  white  powder.  Judging  from  the  bulk  of  the 
precipitate  obtained  from  a certain  quantity  of  the  vine- 
gar, a tolei  able  inference  may  be  drawn  as  to  the  fact 
of  the  vinegar  containing  more  than  the  ordinary  amount 
of  sulphuric  acid.  When  only  about  the  eight-hun- 
dredth or  one-thousandth  of  the  adulterant  is  present, 
an  immediate  white  precipitate  indicates  the  presence 
of  sulphuric  acid;  but  this  precipitate  does  not  so 
quickly  subside  as  when  larger  quantities  are  present. 

For  the  quantitative  determination  of  sulphuric  acid, 
the  best  way  to  proceed  is  the  following: — Half  a 
pound  of  the  viuegar  is  weighed  and  evaporated  in  a 
porcelain  or  platinum  basin,  on  a water-bath  or  by 
steam  heat,  tiU  the  eight  ounces  are  reduced  to  one 
ounce ; the  basin  is  then  removed  from  the  heat  and 
allowed  to  cool,  and  five  or  six  times  its  bulk  of  strong 
spirit  of  wine  or  alcohol  added,  in  which  the  earthy 
and  alkaline  sulphates  naturally  present  in  the  vinegar 
are  insoluble,  and  consequently  fall  down.  After  the 
precipitate  has  subsided,  the  solution  is  filtered  off, 
and  the  residue  edulcorated  twice  with  dilute  spirit. 
The  most  part  of  the  alcohol  is  expelled  by  evapora- 
tion in  the  water-bath,  and  the  remaining  liquid  diluted 
with  ten  or  twelve  timeg  the  volume  of  water,  and 
afterwards  a solution  of  chloride  of  barium  poured 
in  as  long  as  a precipitate  is  formed.  The  preci- 
pitate, after  subsidence  and  filtration  of  the  superna- 
tant liquid,  is  digested  with  moderately  dilute  warm 


hydrochloric  acid,  then  thrown  upon  a filter,  washed 
with  boiling  water  till  a portion  of  the  washings  gives 
no  white  precipitate  upon  addition  of  sulphuric  acid, 
dried  in  a water  or  air  hath,  and,  when  dry,  burned 
in  a platinum  crucible.  When  accurate  results  are 
desired,  the  precipitate  should  he  detached  as  much 
as  possible  from  the  filter-paper,  and  the  latter  burned 
in  the  crucible  until  the  whole  of  the  carbonaceous 
matter  of  the  paper  is  destroyed,  and  the  precipitate 
then  introduced,  heated  to  redness,  and  weighed.  Every 
hundi’ed  and  sixteen  and  a half  parts  of  this  precipitate 
indicate  forty-nine  parts  of  monohydrated  sulphuric 
acid. 

When  great  accuracy  is  not  required,  a solution  of 
cliloride  of  barium  is  made,  of  standard  strength,  by 
dissolving  one  hundred  and  twenty-two  grains  of  the 
crystallized  salt  in  two  thousand  grains  of  distilled  water; 
five  hundred  grains  of  vinegar,  diluted  with  twice  its 
weight  of  water,  are  poured  into  a tall  and  not  very  wide 
beaker  glass,  or  precipitating  jar;  one  hundred  alkali- 
metrical  divisions  are  taken  and  poured  gradually  from 
the  burette,  in  small  portions  at  a time,  into  the  vinegar, 
stirring  well  after  each  addition  with  a glass  rod,  and 
then  leaving  the  whole  to  rest  in  a warm  situation  till 
the  precipitate  collects  at  the  bottom,  after  which  an- 
other addition  of  the  test  solution  is  made,  obsen’ing 
the  same  rule  as  above  given,  as  long  as  any  precipitate 
forms.  When  the  last  drop  causes  no  precipitate,  or,  at 
least,  only  a very  slight  one,  the  number  of  measures  of 
test  solution  added  are  read  off,  and  from  this  the  amount 
of  sulphuric  acid  is  calculated.  Since  tlie  one  hundred 
and  twenty-two  grains  of  the  salt — one  equivalent — cor- 
respond with  forty-nine  grains  of  rectified  sulphuric  acid, 
and  that  this  quantity  is  contained  in  the  two  thousand 
grains  of  hquid,  half  this  solution  will  contain  sixty-one 
grains  of  the  baryta  salt,  which  quantity  equals  twenty- 
four  and  a half  grains  of  monohydrated  sulphuric  acid. 
If  fifty  measures  of  the  test  solution  be  added  to  the 
five  hundred  grains  of  vinegar,  the  per  centage  of  acid 
is  found  by  multiplying  the  number  of  measures,  or 
fifty,  by  twenty-four  and  a half,  and  dividing  this  pro- 
duct by  five  hundred ; thus — 

50  X 24-5  = 1225‘0  -j-  500  = 2-45  per  cent. ; 

from  which  O'l  per  cent,  should  be  deducted  for  the 
addition  allowed  by  government.  Some  waters  con 
tain  a large  quantity  of  sulphates,  by  which  a greater 
amount  of  the  test  solution  is  required  to  tlirow  down 
the  entire  sulphuric  acid,  free  and  combined;  hut  if 
it  be  suspected  that  this  is  the  case,  the  examina- 
tion of  the  water  employed  should  precede  the  test- 
ing of  the  vinegar,  or  the  analysis  should  be  con- 
ducted as  indicated  in  the  foregoing,  namely,  evapo- 
ration of  the  vinegar,  and  treatment  with  alcohol,  et 
cetera. 

Hydrochloric  Acid  in  'Vinegar. — This  acid  is 
not  so  frequently  met  with  in  vinegar  as  sulphuric 
acid;  indeed,  the  sophisticator  rarely  has  recourse 
to  it.  Its  presence  may  be  ascertained  by  distilling  a 
quantity  of  the  vinegar  from  a glass  retort,  to  which 
a condenser  is  attached,  and  adding  a few  drops  of  a 
solution  of  nitrate  of  silver  to  the  distillate.  A white 
precipitate  indicates  the  presence  of  hydrochloric  acid. 


ACETIC  ACID Adulterations.  35 


To  determine,  quantitatively,  the  amount  of  the  acid, 
eight  or  sixteen  ounces  of  the  vinegar  are  distilled, 
as  just  mentioned,  care  being  taken  not  to  lose  any 
either  in  its  introduction  into  the  retort  or  otherwise, 
till  the  whole  of  the  liquid  has  passed  over  into  the 
receiver.  A solution  of  nitrate  of  silver  is  poured  into 
the  distillate  as  long  as  a precipitate  occurs.  The  solu- 
tion is  left  at  rest  till  the  white  curdy  precipitate  of 
chloride  of  silver  falls  to  the  bottom,  which  is  filtered 
off,  washed  with  a little  dilute  nitric  acid  first,  and 
afterwards  with  distilled  water;  dried  at  212'’  in  a 
water-hath,  ignited  in  a porcelain  crucible,  and  weighed. 
From  the  weight  of  the  chloride  of  silver,  that  of  the 
hydrochloric  acid  is  calculated. 

A hundred  and  forty-three  and  a half  parts  of  chlo- 
ride of  silver  are  equal  to  thirty-six  and  a half  parts  of 
dry  hydrochloric  acid,  or  one  hundred  parts  of  liquid 
hydrochloric  acid  of  spec.  grav.  1‘180.  If  the  weight 
of  chloride  of  silver,  from  the  eight  ounces,  be  sixty 
grains,  the  per  centage  is  fmmd  as  follows : — 

143-5  : 36-5  : : 60  : 20-34, 

the  amount  of  acid  in  tlie  eight  oimces  of  liquid  taken ; 
and  by  multiplying  these  ounces  by  four  hundred  and 
thirty -seven  and  a half,  the  number  of  grains  in  a fluid 
ounce,  the  number  of  grains  weight  operated  upon  are 
obtained;  thus — 

437-5  X 8 = 35000  : 20-34  : : 100  : 0-581 

per  cent,  of  dry  hydrochloric  acid. 

Nitric  Acid  in  Vinegar. — This  acid  is  rarely  em- 
ployed to  adulterate  vinegar.  If  it  be  suspected,  the 
application  of  the  foUowing  test  will  corroborate  or 
remove  the  suspicion: — About  eight  ounces  are  neu- 
tralized with  carbonate  -of  soda,  the  liquid  evaporated 
to  dryness,  and  the  residue  distilled  with  a few  drops 
of  strong  sulphuric  acid.  The  distillate  is  received 
in  an  ice-cold  receiver,  neutralized  with  potassa,  and  a 
solution  of  starch  paste  and  iodide  of  potassium  added. 
If  a blue  compound — iodide  of  starch — forms,  it  is  an 
infallible  proof  of  the  presence  of  nitric  acid : a sim- 
pler test  is  to  bon  a portion  of  the  residue  from  the 
preceding  with  hydrochloric  acid  and  copper  turnings ; 
if  nitric  acid  he  present,  red  fumes  of  nitrous  acid,  pos- 
sessing a very  characteristic  odor,  are  evolved. 

Tartaric  Acid  in  Vinegar. — By  evaporating  a 
portion  of  the  vinegar  in  a water  bath,  if  tartaric  acid  be 
present,  a viscid  mass  of  the  consistence  of  treacle,  and 
highly  acid,  remains.  On  adding  alcohol  to  this  sub- 
stance, and  agitating  for  a short  time,  the  tartaric  acid 
is  dissolved;  the  spiritous  extract  filtered  off,  mixed 
with  chloride  of  potassium,  and  well  agitated,  yields 
a crystalline  precipitate  of  bitartrate  of  potassa — cream 
of  tartar — ^in  the  presence  of  tartaric  acid.  It  must  be 
remarked  that  wine  vinegar  naturally  contains  some 
tartaric  acid  in  the  form  of  cream  of  tartar — tins 
compoimd  being  one  of  the  solid  constituents  of  the 
grapes. 

Metallic  Salts  in  Vinegar. — The  salts  which 
are  formed  in  vinegar  arise  from  the  action  of  the  acid 
on  the  metallic  vessels  employed.  Vinegar  made  by 
the  quick  process,  or  in  vinegar  fields,  never  contains 
any  of  these  compounds,  except  the  vinegar  is  after- 


wards distilled  in  metallic  vessels ; the  acid  at  a high 
temperature,  with  an  excess  of  air,  acts  on  the  me- 
tallic substances  of  the  stiH  or  condensing  worm.  As 
copper,  lead,  tin,  and  zinc,  are  generally  the  mate- 
rials used  in  the  construction  of  the  still  or  worm,  these 
are  the  only  bodies  that  have  to  be  looked  for  in  the 
vinegar.  A portion  of  the  vinegar  is  submitted  to  a 
stream  of  sulphide  of  hydrogen  gas ; if  a black  color 
or  precipitate  be  produced,  copper  or  lead  is  present. 
Another  portion,  ten  ormces,  of  the  vinegar  is  eva- 
porated to  dryness  in  a basin,  and  the  residue  heated 
to  redness  in  a porcelain  crucible,  and  the  whitish 
ash  remaining  treated  with  a few  drops  of  nitric  acid, 
heated, and  filtered;  if,  on  treating  tlie  solution  with 
ammonia,  a more  or  less  blue  color  is  given  to  the 
liquid,  copper  is  present.  Tin  gives  a yellow  colora- 
tion with  sulphide  of  hydrogen.  The  latter  has 
no  action  upon  zinc;  hut  on  the  addition  of  ammo- 
nia, or  sulphide  of  ammonium,  a white  precipitate  is 
formed — a small  proportion  of  iron  is  sufficient  to  give 
a greyish  or  blackish  color  to  the  precipitate.  The 
quantity  of  salts  found  in  vinegar  is  generally  so  very 
small  as  not  to  he  detected  by  the  tyro  imless  a large 
quantity  of  the  vinegar  is  evaporated,  and  tlie  residue 
submitted  to  a thorough  chemical  examination. 

Should  pepper,  chillies,  et  cetera,  be  added  to  vinegar 
for  the  purpose  of  conferring  more  pungency,  they  may 
be  detected  by  neutralizing  the  acid  ivith  carbonate  of 
soda,  and  tasting  the  liquid;  if  these  bodies  be  pre- 
sent, the  solution  will  stiU  retain  the  sharpness  peculiar 
to  such  spices. 

Flies — musca  cellaris — and  eels — vibrio  aceti — are 
often  found  in  vinegar;  they  may  be  destroyed  by 
passing  the  vinegar  through  tubes  immersed  in  boiling 
water. 

The  average  per  centage  of  fixed  matter  which  re- 
mains after  evaporating  the  different  vinegars  to  dry- 
ness, is  as  follows : — 

Wine  Vinegar, 2-05  to  2-10 

Beer  Vinegar, 5-00  to  6-00 

Cider  Vinegar, 1-40  to  1-50 

Vinegar,  as  a condiment,  serves  admirably  for  pro- 
moting digestion.  It  exerts  a solvent  action  on  the 
albuminous  and  proteine  compounds  of  the  food ; hence 
the  reason  of  its  being  constantly  served  with  salads, 
fish,  veal,  and  other  substances  rich  in  such  matters. 
Its  free  use,  however,  should  he  avoided. 

Acetic  acid  is  also  extensively  employed  to  preserve 
animal  and  vegetal  substances  liable  to  decay  or  putrefac- 
tion. Wood  vinegar  is  preferable  to  other  varieties,  on 
account  of  tlie  small  quantities  of  essential  oils  which 
it  contains,  and  which  render  its  antiseptic  properties 
more  active.  The  creasote  of  this  acid  confers  a 
smoky  taste  on  meats.  Vinegar  is  sometimes  concen- 
trated by  exposing  it  to  cold,  and  separating  the  layers 
of  ice;  although  the  greater  part  of  the  water  is  by 
this  treatment  removed,  yet  a large  quantity  of  acetic 
acid  is  likewise  abstracted,  and  where  the  vinegar  is  very 
dilute,  the  process  is  not  at  all  economical.  Another 
method  is,  to  keep  the  vinegar  heated  at  a temperature 
between  212°  and  220°  Fahr. ; for,  while  water  bods  at 
212°,  the  hydrated  acetic  acid  boUs  at  248°,  so  that  at 
212°  a large  proportion  of  water  is  driven  off  and  very 
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little  acid;  every  disadvantage  is  removed  when  the 
boiling  point  of  the  vinegar  is  elevated.  Stein  recom- 
mends for  this  purioose  the  addition  of  chloride  of  so- 
dium, in  the  proportion  of  thirty  pounds  for  every 
hundred  pounds  of  vinegar.  The  acid  then  distils  over 
without  loss,  and  is  obtained  much  stronger  than  in  the 
ordinary  mode  of  distillation. 

Some  cautions  may  here  be  given  with  reference 
to  the  vessels  in  which  vinegar  is  kept,  as  these  often 
consist  of  metals.  A painted  vessel  should  never  be 
used,  the  basis  of  nearly  aU  pigments  being  white 
lead,  which  readily  dissolves  in  acetic  acid,  forming 
sugar  of  lead— acetate  of  lead ; and  many  paints  con- 
tain copper  and  other  metallic  substances,  soluble  in 
acetic  acid,  all  of  which  may  prove  poisonous.  Copper 
vessels  may  be  employed  with  safety,  provided  the 
inner  surface  be  kept  bright,  and  the  acid  be  not  suf- 
fered to  remain  in  them  after  cooling.  Iron  is  too 
easily  attacked  by  the  acetic  acid  to  be  used ; and  al- 
though the  salt  which  is  formed  in  the  liquid — the 
acetate  of  iron — is  not  mjurious  in  small  quantity,  yet 
it  communicates  to  food  a disagreeable  styptic  taste. 

Common  earthen  vessels,  glazed  with  oxide  of  lead 
— litharge,  red  lead — part  of  which  is  frequently  un- 
combined with  the  body  of  the  ware,  should  not  be 
employed ; for  the  acid  would  undoubtedly  dissolve  that 
portion  of  the  oxide,  and  might  even  attack  the  well- 
burned  porcelain  itself — the  more  so  if  the  acid  be 
heated  in  the  vessel.  Salt-glazed  stoneware,  good 
English  pottery,  porcelain,  glazed  or  enamelled  iron, 
silver,  and  copper — under  the  above  precautions — ^may 
all  be  employed  for  boUhig  acetic  acid  or  its  prepara- 
tions with  safety. 

Acetic  acid  is  employed  to  a large  extent  in  the  arts, 
chiefly  in  calico-printing  and  dyeing.  When  required 
for  these  uses,  it  is  imited  to  bases,  with  which  it  forms 
acetates,  principally  used  as  mordants.  It  is  hkewise 
used  in  the  preparation  of  varnishes;  for  dissolving 
gums  and  albuminous  bodies.  Aromatic  vinegar  is 
medicinally  apphed  as  a stimulant  against  fainting, 
and  externally  as  a rubefacient. 

Statistics  of  the  Vinegar  Manufacture. — 
The  total  number  of  vinegar  makers — not  including 
pyroligneous  acid — hi  the  United  Kingdom,  in  1844, 
was  forty-four.  The  quantity  of  vinegar  made  be- 
tween the  fifth  of  July,  1843,  and  the  fourth  of  July, 
1844,  was  2,828,04.3  gallons,  on  which  a duty  of 
£24,745.  7s.  6d.  had  been  paid.  At  present  there  are 
about  fifty  manufacturers  who  make  over  3,000,000 
gallons  annually ; of  these  the  five  principal  ones  are 
in  London,  and  they  make  nearly  half  the  entire 
quantity. 

The  following  table  exhibits,  under  the  respective 
years,  the  number  of  vinegar  factories  in  the  United 
Kingdom,  during  the  six  years  ending  with  1846  : — 

1841.  1842.  1843.  1844.  1845.  1846. 

58  ....  69  ....  54  ....  44  ....  60  ....  56 

whieh  paid,  at  the  rate  of  five  guineas  license  fee,  tlie 
undermentioned  sums,  namely : 

1841.  1842.  1843.  1844.  1845.  1846. 

£304. 10s.  . . £300.  15s.  . . £283.  10s.  . . £231  . . £315  . . £294 

The  number  of  gallons  produced  by  tlie  home  fac- 


tories during  the  period  previous  to  the  repeal  of  tlie 
vinegar  duty,  was,  in 

1841.  1842.  1843. 

Gallons,  3,102,098  ..  3,175,722  ..  2,993,061 

Duty,  £27,143.  7s.  Id.  . . £27,787. 11s.  3|d.  . . £26,189.  5s.  7^d. 

1844.  1845.  1846. 

Gallons,  2,828,043  . . — • . . — 

Duty,  £24,745.  5s.  7d.  . . — . . — 

From  the  year  1844,  tne  duty  on  the  home-made  was 
repealed,  but  a levy  of  fourpence-halfpenny  per  gallon 
of  proof  strength  is  paid  by  that  which  is  imported  from 
foreign  countries,  of  which  more  or  less  is  received  every 
year.  The  annexed  tables  show  the  number  of  gallons 
of  foreign  vinegar  imported  into  Great  Britain  during 
the  foregoing  period,  and  chargeable  with  duty : — 

Number  of  gallons  chargeable  with  duty  imported  in 

1841.  1842.  1843.  1844.  1845.  1846. 

53,695  . . 41,311  . . 21,784  . . 88,722  . . 95,967  . . 63,821 ; 

and  the  quantity  retained  for  home  consumption,  and 
chargeable  with  duty,  was,  in 

1841.  1842.  1843.  1844.  1845.  1846. 

GIs.  GIs.  Gl9.  GIs.  GIs.  CI3. 

22,205  ..  18,139  ..  14,143  ..  63,029  ..  74,236  ..  73,079 

During  the  con'esponding  fom'  months,  ending  the 
4th  of  May,  of 

1844.  1845.  1846.  1847. 

There  were  entered  at 
the  port  of  London 
chargeable  with  duty. 

Of  wliioh  there  were  re- 
tained for  home  con- 
sumption rmder  duty, 

The  number  of  gallons  imported  during  the  three 
years  ending  the  5th  of  January,  1852,  was 


Year. 

Quantities  imported  into 
the  United  Kingdom. 

Quantities  admitted  for 
Home  Consumption. 

Amountot 

duty 

received 

thereon. 

1850 

63,929  proof  gallons. 

52,697  proof  gallons. 

£927 

1851 

87,911  “ 

69,667  “ 

1,240 

1852 

109,168  “ 

69,897  « 

1,221 

SESQUIACETATE  OP  ALmimk.— Red  Liquor. 
— This  salt  is  extensively  used  by  caUco-printers,  as  a 
mordant  of  a veiy  superior  quality.  It  may  be  pre- 
pared for  laboratory  purposes  by  decomposing  a solu- 
tion of  sulphate  of  alumina  by  acetate  of  baryta. 
Sulphate  of  baryta  and  acetate  of  alumina  are  formed; 
the  former  falls  down  as  a heavy  white  insoluble  pow- 
der, and  the  supernatant  liquid  contains  the  acetate  of 
alumina.  The  decomposition  which  takes  place  is 
represented  in  the  following  equation : — 

AI2  O3,  3 S O3  -j-  3 {Ba  0,  C4  H3  O3)  ~ AI2  O3,  3 C4  IT3  O3 

V V V * ''  V ^ 

Scsquisulphate  of  alumina.  Acetate  of  bar>’to.  Sesquiacetatc  of  alumina. 

-j-  3 (Ba  0,  S O3). 

Sulphate  of  barj'ta. 

On  evaporating  the  liquor  filtered  from  the  sulphate  of 
baryta  to  di'yness  on  the  water-bath,  the  salt  is  obtained 
in  the  form  of  a gummy  mass,  which  is  very  soluble 
in  water  and  deliquescent,  and  parts  with  its  acid  at 
a slightly  elevated  temperature,  leaving  a subacetate, 


Gl9.  GIs.  GIs.  GIs. 


6,360  . 

. 2,378  . 

. 6,612  . 

. 2,677 

3,465  . 

. 1,563  . 

. 4,326  . 

. 1,966 
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and  at  a red  heat  pure  alumina.  The  dry  mass  has 
the  following  composition : — 

At  weight  rerm 

1 Eq.  of  alumina, 52  = 25"366 

3 Eqs.  of  acetic  acid, 153  = 74-634 

1 Eq.  of  sesquiacetate  of  alumina, . . 205  = 100-000 
Formula : — AI2  O3,  3 C4  H3  O3. 

Commercial  sesquiacetate  of  alumina — red  liquor,  from 
its  being  colored  with  lichens — ^is  always  met  with  in 
the  liquid  state.  It  is  manufactured  for  the  use  of  calico- 
printers,  by  adding  to  every  gallon  of  acetate  of  lime 
liquor,  2|  pounds  of  alum,  agitating  the  mixture  briskly, 
and  then  leaving  it  to  rest,  in  order  that  the  sulphate  of 
lime  may  settle  down.  The  decomposition  of  the  ace- 
tate of  lime  is  known  by  testing  a small  portion  of  the 
filtered  liquid  in  a tube  with  a concentrated  solution 
of  alum ; if  a precipitate  of  srtlphate  of  lime  falls,  more 
alum  must  be  added,  till  the  acetate  of  lime  is  com- 
pletely decomposed.  The  liquor  is  now  filtered  off, 
and  the  solution  concentrated  by  evaporation  till  it 
acquues  a spec.  grav.  of  1-087  to  1-100;  allowed  to 
repose  for  some  time  to  deposit  any  sulphate  of  lime, 
and  then  drawn  off  for  use  or  for  market.  The  quality 
of  this  liquid  as  a mordant  is  inferior,  on  account  of  the 
partly  imperfbct  decomposition  of  the  lime  salt,  and  of 
the  presence  of  a small  portion  of  lime  still  retained  in 
the  red  liquor,  which  impairs  very  much  the  beauty 
and  gloss  of  the  color  given  to  the  cloth. 

A better  mordant  is  made  by  decomposing  alum  by 
acetate  of  lead.  Since  the  sulphate  of  lead  is  insoluble, 
the  decomposition  of  the  alum  solution  is  more  perfect 
than  when  acted  upon  by  acetate  of  lime ; still,  the  red 
liquor  is  not  a true  acetate,  but  a mixture  of  acetate 
and  subsulphate  of  alumina  with  hydrate  of  alumina 
and  sulphate  of  potassa,  as  will  be  seen  from  the  recipes 
in  general  use  for  its  manufacture.  Were  an  equivalent 
of  sulphate  of  alumina  decomposed  by  corresponding 
three  equivalents  of  acetate  of  lead,  a sesquiacetate 
of  alumina  would  result;  in  practice,  however,  it  is 
found  more  advantageous  to  employ  equal  parts  of 
alum  and  sugar  of  lead,  or  rather  a less  quantity  of 
the  latter.  The  alum  is  dissolved  in  boiling  water,  and 
the  powdered  acetate  of  lead  added  to  the  solution. 
About  one-tenth  of  crystallized  carbonate  of  soda,  or  a 
little  carbonate  of  lime,  is  added  to  the  alum,  to  com- 
bine -with  the  free  acid.  The  three  following  recipes 
serve  to  indicate  the  proportions  employed : — 

No.  1. — Dissolve  100  lbs.  of  alum  in  50  galls,  of  boiling  water, 
and  add  100  lbs.  of  acetate  of  lead  in  fine  powder,  stirring  the 
mixture  well  at  first,  and  likewise  several  times  during  the 
cooling. 

The  clear  supernatant  liquid  consists  of  an  acetate 
of  alumina,  sulphate  of  potassa,  and  a little  subsulphate 
of  alunaina. 

No.  2.— Dissolve  100  lbs.  of  alum  in  50  galls,  of  water;  to  the 
solution  add  slowly  10  lbs.  of  crystallized  carbonate  of  soda, 
and  then  stir  in  100  lbs.  of  acetate  of  lead  in  powder. 

No.  3. — Dissolve  100  lbs.  of  alum  in  50  galls,  of  boiling  water, 
and  add  in  small  portions  6 lbs.  of  crystallized  carbonate  of 
soda,  and  then  stir  in  50  lbs.  of  acetate  of  lead  in  powder,  as 
before. 

Nos.  2 and  3 contain  acid  acetate  of  alumina,  basic 
sulphate  of  alumina  dissolved  in  acetic  acid,  and  sul- 


phates of  potassa  and  soda.  No.  2 becomes  cloudy 
at  154°  Falir.,  and  gelatinizes  at  165°;  No.  3 clouds 
at  176°,  and  gelatinizes  at  192°;  the  cloudiness  dis- 
appears on  cooling,  and  is  entirely  prevented  by  an 
excess  of  alumina  in  the  solutions.  According  to  cer- 
tain experiments,  it  appears  that  the  activity  of  the  red 
liquor  is  not  wholly  dependent  upon  the  amount  of 
acetate  of  alumina  which  it  contains,  as  a portion  of  the 
salt  is  converted  into  a basic  sulphate  which  combines 
with  sesquiacetate  of  alumina ; on  basing  the  goods  in 
this  solution  and  drying,  a portion  of  the  basic  acetate 
combines  with  the  basic  sulphate  of  alumina ; and  on 
subsequently  submitting  the  goods  to  the  drying-bath, 
acetic  acid  is  partly  volatilized,  and  the  aluminous  basic 
compound  remains  perfectly  combined  with  the  cloth. 

Further,  it  is  shown  that  it  is  immaterial,  as  to  the 
effect  on  the  texture,  and  the  beauty  of  color  produced 
on  the  cloth,  whether  one  hundred  pounds  of  alum  be 
decomposed  by  one  hundred  and  twenty-five,  or  seventy- 
five  pounds  of  acetate  of  lead,  since  the  acetate  of  alu- 
mina acts  by  giving  up  its  base  to  the  fibre  of  the 
cloth,  and  that  this  is  efiected  as  weU  when  a basic 
sulphate  of  the  earth  is  present  as  when  it  is  wholly 
in  the  form  of  a sesquiacetate.  Eunge  has  made 
some  experiments,  by  which  he  shows  that  the  quan- 
tity of  acetate  of  lead  should  be  always  one  hundred  and 
twenty  pounds  to  every  hundred  pounds  of  alum,  and 
that  even  the  amoimt  of  water  employed  affects  the 
quality  of  the  product.  He  based  equal  weights  of 
cotton  fabric  in  each  of  the  following  solutions,  made 
by  adding — 

100  lbs.  of  alum, 

75  lbs.  of  acetate  of  lead,  and 

280  lbs.  of  water  together,  agitating  the  mixture,  and 
filtering : 

Secondly,  by  dissolving — 

100  lbs.  of  alum  in 

448  lbs.  of  water,  and  adding 

120  lbs.  of  acetate  of  lead  in  powder,  agitating  the  mixture, 
and  filtering  off  the  clear  liquor,  as  above. 

The  fabrics  being  allowed  to  remain  in  an  equal  mea- 
sure of  these  solutions  for  the  same  time,  and  dried  at 
the  same  temperature,  were  washed  with  equal  quan- 
tities of  hot  water ; the  washings  from  the  cloth  mor- 
danted in  the  first  solution  contained  much  alumina, 
while  only  very  slight  traces  were  indicated  by  the 
washings  from  the  cloth  steeped  in  the  second  solution. 
The  usual  addition  of  carbonate  of  soda,  to  the  extent 
of  about  one-tenth  of  the  alum  employed,  acts  advan- 
tageously in  the  manufacture  of  red  liquor,  where  a low 
proportion  of  sugar  of  lead  is  used,  by  uniting  partly 
with  the  sulphuric  acid,  and  producing  a basic  sul- 
phate, as  well  as  acetate  of  alumina,  as  mentioned 
above. 

However,  it  appears,  from  practical  observations,  that 
a sulphoacetate  of  alumina  is  to  be  preferred,  as  giving 
the  most  satisfactory  results.  Mr.  Calvekt  states, 
that  a mordant  of  the  composition — 

^2  Osjf  S4  H3  O3, 

is  the  best  adapted  for  fixing  the  colors,  on  account  of 
the  excess  of  alumina  in  such  a solution  above  those 
which  contain,  besides  the  aluminous  salts,  salts  of  the 
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alkalies,  which  are  iaert  in  the  uses  for  which  red  liquor 
is  manufactured. 

The  preceding  he  prepares  by  mixing  together — 

453  lbs.  of  ammonia  alum, 

379  lbs.  of  acetate  of  lead,  and 
1132  lbs.  of  water ; 

or, 

383  lbs.  of  sulphate  of  alumina, 

379  lbs.  of  acetate  of  lead,  and 
1132  lbs.  of  water; 


453  lbs.  of  alum,  and  a quantity  of  solution  of  acetate  of 
lime,  amounting  to  one  hundred  and  fifty-eisht 
pounds ; 


or, 

333  lbs.  of  sulphate  of  alumina,  with  the  same  amount  ol 
acetate  of  lime  solution. 

On  agitating  the  foregoing  mixtures,  decomposition 
takes  place ; sulphate  of  lead  or  of  lime  is  thrown 
down,  and  a sulphoacetate  remains,  with  an  equivalent 
of  sulphate  of  ammonia  from  the  ammonia  alum.  In- 
stead of  alum,  many  printers  now  use  sesquisulphate  of 
alumina  in  the  fabrication  of  this  mordant,  which  is 
much  more  economical,  as  the  solution  of  this  salt, 
brought  to  the  standard  strength,  or  1-085  spec,  grav., 
contains  more  alumina  tlian  the  ordinary  red  liquor  of 
that  strength,  as  the  following  analyses  show : — 


COMPOSITION  OP  FOUR  MORDANTS  PER  GALLON. 


Formula. 

AI2  O3,  S O3,  2 C4  Hg  O3  4* 

N H4  0,  S O3. 

Formula. 

Alg  O3,  S O3,  C4  Hg  O3  -f- 
NH4O,  SO3. 

Formula. 

AlgOg,  S03,2C4ng03. 

Mordant  A. 

Mordant  B. 

Mordant  C. 

Mordant  1>. 

Grs.  Oz.  Grs. 

1680-0  = 3 368 
3369-8  = 7 307 
2642-5  = 6 17 
674-1  = 1 236 

Grs.  Oz.  Grs. 

1830-0  = 4 80 
3570-0  = 8 170 
2800-0  = 6 175 
910-0  = 2 35 

Grs.  Oz.  Grs. 

1239-0  = 2 365 
1281-7  = 2 406 
3017-0  = 6 392 
653-1  = 1 215 

Grs.  Oz.  Grs. 

2164-4  = 4 414 
3679-2  = 8 179 
1664-6  = 3 352 

ACETATE  OF  AMMONIA — Spirit  of  Mindererus 
— in  solution,  is  obtained  by  saturating  distilled  -vinegar 
with  carbonate  of  ammonia;  this  salt  constitutes  the 
liquor  ammonim  acetatis  of  the  Pharmacopeia,  which 
has  long  been  used  in  medicine  as  a diaphoretic.  When 
equal  weights  of  clJoride  of  ammonium  and  acetate  of 
potassa  are  distilled  together,  at  an  incipient  tempera- 
ture ammonia  is  at  first  elimmated,  and  afterwards  bin- 
acetate  of  ammonia  distils  over,  in  the  form  of  an  oily 

liquid—  ^ + 2 (KO,  C4  H3  O3)  = -f 

Chloride  of  ammomum.  Acetate  of  potassa.  Ammonia. 


(NH40, 2C4H3O3) 


— which  concretes  into  acicular 


Binacctate. 


crystals,  deliquescent,  and  dissolved  in  aU  proportions 
by  water  and  alcohol.  Dry  ammonia,  transmitted  into 
the  fused  hinacetate,  converts  it  into  the  solid  neutral 
acetate ; a white  inodorous  salt,  easily  soluble  in  water 
and  alcohol,  and  converted  by  heat  into  ammonia  and 
the  hinacetate  of  ammonia — 


N H4O,  C4  Hg  O3,  HO,  C4  H3  O3  -f  N H4O  = 

Binacetate  of  ammonia.  Ammonia. 

2 (N  H4  0,  C4  Hg  O3)  -1-  H 0. 

Keutral  acetate. 

Binacetate  of  ammonia  forms  striated  prisms,  fusible  at 
168°,  and  subliming  unchanged  at  248°. 

The  neutral  acetate  of  ammonia  has  the  composi- 
tion : — 

Atomic  weight.  Centesimally  represented. 

I Eq.  of  acetic  acid, 51-00  38-93 

1 Eq.  of  oxide  of  ammonium,  26-00  19-84 

6 Eqs.  of  water, 54-00  41-23 


131-00  100-00 

Formula  : — N H4  O,  C4  H3  O3  -|-  6 aq. 

ACETATE  OF  COPPER. — There  are  several  ace- 
tates of  copper,  one  of  which  is  of  the  suboxide,  the 
others  being  of  tlie  protoxide  of  copper.  Of  the  latter. 


the  most  important  in  the  arts  are  the  neutral  acetate 
of  copper,  the  bibasic  acetate — verdigris — and  the  tri- 
basic  acetate  of  copper.  The  neutral  acetate  of  coppei 
is  formed  by  dissolving  the  hydi-ated  oxide  of  copper  m 
acetic  acid,  or  by  precipitating  a solu- 
tion of  sulphate  of  copper  by  acetate  28. 

of  lead  or  baryta,  filtei-ing  off  the  pre- 
cipitated sulphate  of  lead  or  baryta, 
and  evaporating  the  filtered  liquid, 
and  crystaUizing.  The  crystals  are 
in  obhque  rhombic  prisms — Fig.  28 
— of  a dark-green  color,  and  possess 
a disagreeable  metallic  taste ; soluble 
in  about  thirteen  and  a half  parts  of 
cold,  and  five  of  boiling  water.  The  composition  of 
the  neutral  acetate  is : — 

Atomic  weight  Per  centage  quantity. 


1 Eq.  of  oxide  of  copper, .... 

. ...  40  .... 

40-00 

1 Eq.  of  acetic  acid, 

....  51  .... 

51-00 

1 Eq.  of  water, 

....  9 .... 

9-00 

100 

100-00 

Formula : — Cu  0,  C4  Hg  O3  -p  H 0. 

Acetate  of  copper  was  formerly  employed  in  the 
manufacture  of  acetic  acid.  The  suboxide  of  copper  is 
obtained  in  red  octahedral  crystals  when  the  neutral 
salt  is  heated  with  organic  substances,  such  as  sugar, 
honey,  starch,  et  cetera. 

When  the  commercial  verdigris  is  dissolved  in  dilute 
acetic  acid,  and  the  salt  crystallized  at  40°  to  45°  Fahr., 
an  acetate  with  five  atoms  of  water  is  obtained,  in  beau- 
tiful blue  oblique  four-sided  prisms.  On  raising  tlie 
temperature  to  about  86°,  the  crystals  almost  instan- 
taneously lose  theu-  blue  color,  and  acquire  a greenish 
hue;  four  atoms  of  water  are  expelled,  and  neutral 
acetate  remains,  with  one  atom  of  water. 

Its  chief  use  in  the  arts  is  in  making  pigments,  and 
for  resisting  the  blue  color  which  the  indigo  would 
communicate  in  the  indigo-hath  of  the  caheo-printer. 
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In  the  latter  case,  its  mode  of  action  depends  on  the 
readiness  with  which  it  parts  with  oxygen,  whereby 
the  indigo  is  oxidized  before  it  can  exert  any  action 
on  the  cloth,  being  itself  reduced  to  the  state  of  acetate 
of  suboxide  of  copper.  Verdigris  is  occasionally  em- 
ployed as  a transparent  green  water-color  or  wash  for 
tinting  maps. 

Bibasic  Acetate  of  Copper. — Verdigris;  JEn-ugo. 
— This  salt  is  formed  by  exposing  thin  copper  plates, 
in  a confined  space,  to  the  combined  action  of  air  and 
moisture,  or  by  submitting  copper  plates  to  the  action 
of  fermenting  marcs — refuse  from  the  wine  factories ; in 
the  course  of  a few  days,  a epating  of  subacetate  forms 
on  the  plates,  which  may  be  scraped  off,  and  the  remain- 
ing part  of  the  plate  submitted  to  a fresh  operation, 
till  all  the  copper  is  converted  into  verdigiis. 

The  manufacture  of  verdigris  on  the  large  scale  is 
conducted  as  follows : — In  France,  the  chief  seats  of  tliis 
manufacture  are  at  Grenoble  and  Montpellier,  where 
the  operations  are  conducted  in  a rude  but  effective 
way,  and  usually  by  women.  Husks  and  refuse  of 
grapes  from  the  wine  factories,  not  entirely  exhausted 
of  their  juice,  are  spread  loosely  in  casks  until  the  ace- 
tous fermentation  takes  place.  The  casks  or  vessels 
are  covered  with  matting,  to  protect  them  from  dirt. 
The  limit  to  which  fermentMion  of  the  marcs  should 
be  carried,  is  known  by  introducing  a test  sheet  of 
copper  into  the  mass  for  twenty-four  hom's ; if,  on  with- 
drawing it  at  the  end  of  that  time,  it  is  found  covered 
with  a uniform  green  coating,  the  proper  degree  of  fer- 
mentation is  reached,  otherwise  the  mass  is  allowed  to 
remain  a_  day  or  two  longer.  Alternate  layers  of  sheets 
of  copper  of  one  twenty-fourth  of  an  inch  thick,  and 
the  fermented  marcs,  are  introduced  into  large  casks, 
observing  that  the  top  and  bottom  layers  are  of  the 
latter. 

Sheets  of  copper  are  prepared  by  hammering  bars 
of  the  metal  to  the  above  thickness — the  more  com- 
pact tlie  copper  sheets,  the  better — and  they  are  then 
cut  out  into  pieces  of  six  or  eight  inches  long  by 
three  to  four  broad.  These  plates  are  immersed  in  a 
concentrated  solution  of  the  verdigris,  and  dried  over  a 
charcoal  fire;  then  heated  to  about  200°  Fahr.,  being 
held  by  a cloth  in  the  hand,  and  packed  in  the  vessels 
with  layers  of  the  fermented  husks,  as  above-mentioned. 
If  the  plates  be  not  immersed  in  the  solution  of  the 
acetate  before  packing  in  the  casks  with  the  fermented 
stalks  and  skins  of  the  grape,  they  are  liable  to  be 
covered  with  a black  coating,  instead  of  the  green  ace- 
tate. The  quantity  of  metal  required  to  fill  each  vessel 
is  between  tliirty  and  forty  pounds.  Twenty  days  are 
sufficient  to  complete  the  corrosion  of  the  copper  sheets, 
and  induce  their  combination  with  the  acetic  acid  pre- 
sent in  the  marcs,  but  often  sixteen  or  twelve  days 
perfect  the  work.  After  this  period,  the  upper  layer 
of  marcs  will  appear  whitish,  and  if  the  whole  has 
worked  favorably,  the  plates  wfil  be  covered  with 
sOky  crystals  of  a green  color.  The  plates  are  then 
taken  from  the  casks,  and  dried  in  the  air  for  two 
or  three  days,  after  which  they  are  moistened  with 
water  and  again  placed  to  dry,  by  laying  them  upright 
against  each  other  for  a week.  This  process  of  mois- 
tening with  water  is  continued  at  regular  intervals  of  a 

week,  for  six  or  eight  times.  By  this  mode  of  opera- 
tion, the  plates  swell  and  become  encrusted  with  in- 
creasing coatings  of  the  copper  salt,  which  are  detached 
from  the  remainder  of  the  plates  by  a copper  knife. 
The  scraped  plates  are  submitted  to  a fresh  treatment, 
till  the  whole  of  the  copper  is  converted  into  verdigris. 
After  scraping  off  the  salt,  it  is  made  into  a thick  con- 
sistent mass  by  kneading  it  with  a little  water,  and  in 
this  state  it  is  packed  into  leathern  bags,  which  are 
placed  in  the  sun  to  dry,  until  the  mass  hardens  and 
forms  a tough  substance  Iffie  the  commercial  article. 

At  Grenoble  the  process  is  nearly  the  same  as  above, 
excepting,  that  instead  of  moistening  the  plates  with  a 
solution  of  subacetate  of  copper,  they  employ  acetic 
acid.  In  Germany,  Sweden,  and  England,  the  manufac- 
ture is  somewhat  different  from  the  preceding,  inasmuch 
as,  instead  of  the  fermented  marcs  of  the  grapes,  woollen 
cloths  steeped  in  pyroligneous  acid  are  used,  which  are 
placed  alternately  with  the  copper  plates  in  a square 
wooden  box.  The  cloths  are  moistened  with  acetic 
acid  every  three  days  for  twelve  or  fifteen  days,  tOl 
small  crystals  begin  to  form  on  the  plates.  When  this 
happens  the  cloths  are  partly  withdrawn,  and  a space 
allowed  for  the  circulation  of  the  air,  the  whole  being 
moistened  weekly  with  water.  Generally,  five  or  six 
weeks  elapse  before  the  completion  of  the  work. 

Acetate  of  copper  is  likewise  made  by  acting  upon 
thin  sheets  of  copper,  in  small  vessels,  with  acetic  acid. 
The  copper  is  not  immersed  in  the  acid,  but  nearly 
touches  its  surface;  a temperature  of  about  150°  to 
180°  Fahr.  is  maintained  during  the  operation.  The 
plates  become,  in  time,  coated  with  acetate,  as  in  the 
forementioned  processes,  which  is  scraped  off  and  dried 
for  the  market. 

The  composition  of  pure  verdigris  is : 

Atomic  weight. 

2 Eqs.  of  oxide  of  copper,  80  43-24 

1 Eq.  of  acetic  acid, 51  27‘57 

G Eqs.  of  water, 54  29‘19 

1 Eq.  of  bibasic  acetate  of  copper,  185  100-00 

which,  on  comparison  with  the  analysis  of  the  best  French 
and  English  manufacture,  tells  in  favor  of  the  latter. 

French  Verdigris,  Eng:lish  Verdigriis, 
Theory.  centesimnlly  centesimally 

representedu  represented 

Oxide  of  copper,  . . 43-24  43-50  44-25 

Acetic  acid,  27-54  29-30  29-62 

Water,  29-19  25-20  25-51 

Impurities, — 2-00  0-62 

100-00  100-00  100-00 
Formula : — 2 Cu  0,  C4  Eg  O3  -f-  6 H 0. 

This  salt  is  often  employed  in  painting,  and  likewise 
in  calico-printing,  for  precisely  the  same  purpose  as 
the  neutral  acetate;  namely,  as  a resist  paste  in  the 
indigo  dye-bath. 

Good  verdigris  should  be  dry,  have  a fine  bluish- 
green  color,  and  be  soluble  in  dilute  acetic  and  sulphuric 
acids,  and  also  in  ammonia. 

Verdigris  is  often  adulterated,  generally  with  finely 
ground  pumice,  chalk,  and  sulphate  of  copper.  Tlie 
purchasers  acquainted  with  this  article  judge  of  the 
relative  purity  of  the  sample  from  its  bright  color,  and 
by  kneading  it  on  the  palm  of  the  hand  with  a little 
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water ; by  the  latter  test  the  presence  of  sand  is  de- 
tected, as  the  subacetate  alone  should  form  a paste  free 
from  any  grittiness. 

For  the  detection  of  chalk — carbonate  of  lime — a 
weighed  portion  of  the  verdigris,  in  powder,  is  intro- 
duced into  a flask,  and  hydrocliloric  acid  poured  upon 
it ; if  effervescence  takes  place,  it  indicates  the  presence 
of  carbonates;  should,  however,  no  effervescence  oc- 
cur, and,  at  the  same  time,  a residue  of  silica  remains 
undissolved,  it  shows  that  pumice,  or  some  analogous 
body,  is  the  adulterant ; the  residue  is  greater  or  less 
in  proportion  to  the  extent  of  adidteration. 

If  the  hydrochloric  acid  solution  of  the  above  be  fil- 
tered off,  and  the  residue,  being  well  washed,  dried  in  a 
water-bath  at  212°,  and  afterwards  burned  in  a weighed 
platinum  crucible  tiU  the  whole  of  the  charcoal  of  the 
paper  is  consumed,  and  weighed — the  increase  of  weight 
will  give  the  amount  of  insoluble  impurities  in  the 
sample.  On  adding  chloride  of  barium  to  the  filtered 
liquid  and  washings,  a white  insoluble  precipitate  of 
sulphate  of  baryta  will  fall  down,  if  sulphates  of  copper 
or  iron  be  present.  By  placing  the  beaker  on  the  hot 
sand-bath  the  precipitate  quickly  settles  down,  after 
which  it  is  filtered  off,  washed  with  boiling-hot  water 
as  long  as  any  clJoride  of  barium  is  extracted,  and  then 
placed  in  the  water  or  air-bath  to  dry : the  precipitate 
is  now  to  be  detached  from  the  filter,  upon  a sheet  of 
clean  dry  glazed  paper;  the  filter  is  burned  alone  in 
the  platinum  crucible  till  the  ashes  contain  no  charcoal 
from  the  paper;  the  precipitate  is  then  introduced, 
heated  to  redness,  and  weighed.  One  hundred  and  seven- 
teen grains  of  the  precipitate — corresponding  with  forty 
grains,  or  one  equivalent  of  anhydroiis  sulphuric  acid — 
equal  eighty  grains  of  anhydrous  sulphate  of  copper, 
or  one  hundred  and  twenty-five  grains  of  that  salt  in 
crystals. 

The  amoimt  of  the  lime  compound  may  be  ascer- 
tained by  weighing  out  one  hundred  grains,  and  dis- 
solving them  in  a beaker-glass  with  hydrochloric  acid, 
the  clear  solution  filtered  off  from  the  residue,  and  a 
current  of  sulphide  of  hydrogen  gas  passed  through 
the  liquid,  till  the  whole  of  the  copper  is  thrown 
down  in  the  form  of  a brownish-black  precipitate. 
The  sulphide  of  hydrogen — hydrosulphuric  acid — is 
generated  in  an  apparatus  like  the  annexed — Fig.  29  : 


pass,  the  funnelled  one,  B,  reaches  to  the  bottom,  and 
the  other,  c,  opens  at  a quarter  of  an  inch  below  the 
cork,  which  should  fit  the  bottle  air-tight.  The  sulphide 
of  hydrogen  is  generated  by  pouring,  through  the  funnel 
tube,  B,  some  strong  sulphm-ic  acid,  which  reacts  on  the 
sulphide  of  iron,  giving  rise  to  the  gas,  which  passes  off 
by  the  tube,  c,  bent  at  right  angles,  the  longer  limb 
passing  through  the  cork  of  the  bottle,  d,  which  con- 
tains some  distilled  water,  for  the  pinpose  of  washing 
the  gas.  A second  tube,  e,  bent  at  right  angles,  conveys 
the  gas  to  the  beaker-glass,  gr,  containing  the  solution, 
from  which  the  substance  is  to  be  precipitated. 

The  subjoined  equation.exhibits  the  decomposition  of 
the  sulphide  of  iron  by  the  sulphuric  acid : — 

Fe  S -p  H 0,  S Og  = Fe  0,  S O3  + H S 

Siilphide  of  iron.  Sulphuric  acid.  Sulphate  of  iron.  Sulphide  of  hydrogen. 

When  the  whole  of  tlie  copper  has  been  precipitated 
as  sulphide,  and  the  menstruum  evolves  a strong  odor 
of  tlie  precipitant,  it  is  filtered  off,  edulcorated  with 
water,  and  the  washings  added  to  the  filtrate.  Am- 
monia, in  slight  excess,  is  now  poured  into  the  solu- 
tion, then  oxalate  of  ammonia,  and  the  beaker-glass 
placed  on  the  sand-bath.  When  the  oxalate  of 
lime  has  subsided,  it  is  collected,  washed  with  water, 
dried  as  the  preceding  precipitates,  and  bm-ned  in  a 
platinum  crucible.  The  ignition  should  be  gentle,  and 
at  a heat  little  above  dull  redness,  so  as  not  to  expel 
carbonic  acid  from  the  carbonate  of  lime,  which  is 
formed  by  the  action  of  the  heat  on  the  oxalate  of  lime, 
as  is  shown  in  the  aimexed  decomposition ; — 

Ca  0,  Cg  O3  = Ca  0,  C O2  -p  CO,  expelled. 

Oxalate  oflime.  Carbonate  of  lime.  Carbonic  oxide. 

The  weight  of  the  carbonate  of  lime  obtained  is 
equal  to  the  amount  of  that  adulterant  added  to  the 
verdigris.  Verdigris  generally  contains  about  three  per 
cent,  of  impurities,  and  sometimes  the  insoluble  matter 
in  it  is  six  per  cent. ; in  such  a case,  however,  the  ar- 
ticle is  of  inferior  quality. 

Formerly,  the  manufacture  of  verdigris  was  one  of 
the  most  lucrative  in  Belgium,  and  it  was  also  car- 
ried on  profitably  in  France ; but  in  later  times  the 
production  of  this  substance  is  not  so  much  confined  to 
those  countries.  France  still  produces  considerable 
quantities  of  the  article,  and  nearly  the  whole  of  the 
salt  imported  into  this  kingdom  is  from  that  country. 
Until  the  19th  of  March,  1845,  the  duty  on  verdigiis 
imported  into  this  kingdom  from  France,  was  Ij^d. 
per  pmmd  weight;  it  was  then  subjected  to  an  oc? 
valorem  duty  of  ten  per  cent.,  which  was  repealed  in 
1853. 

The  following  table  shows  the  quantity  of  verdi- 
gris chargeable  with  duty,  imported  into  the  United 
Kingdom  during  the  six  years  ending  the  5th  May, 
1846 

1841.  1842.  1843.  1844.  1845.  184G. 

Cwt.,  1,340  . . 1,702  . . 1,810  . . 1,218  . . 897  . . 464 

Of  which  there  were  retained  for  home  consumption, 
and  chargeable  with  duty,  in — 


A is  a bottle  containing  pieces  of  sulphide  of  iron,  and 
a few  ounces  of  water;  tluough  the  cork  two  tubes 


1841-  1842.  1843. 

Cwt.,..  888  ..  1,676  ..  1,575  .. 


1844.  1845.  1846. 

1,129  ..  791  ..  677 
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During  the  years  1845,  1846,  and  1847,  there  were 
imported  from  France  alone,  in — 

„ Quantity  imported  Declared  value.  Duty  received 

chargeable  with  duty.  neclared  value,  consumption. 

1845.. ...  100,679  lbs £6,640  £227 

1846.. ...  49,180  “ ....  3,102  110 

1847.. ...  76,200  “ ....  4,971  170 

The  quantities  of  verdigris  which  entered  the  port  of 
London  during  the  corresponding  four  months,  termi- 
nating the  5th  of  May,  were,  in- 

1845.  1846,  1847.  1848. 

Cwt......  256  123  216  2 

And  the  quantities  retained  for  home  consumption,  and 
chargeable  with  duty,  during  the  corresponding  months 
above-mentioned,  were,  in — 

1845.  1840.  1847.  1848. 

Cwt......  176  136  19  76 

In  1852,  the  last  year  of  the  existence  of  the  ten  per 
cent,  ad  valorem  duty,  the  imports  of  verdigris  were 
four  hundred  and  sixty-seven,  and  the  exports  seventy- 
two  hundredweight.  In  1853,  the  duty,  as  already 
stated,  was  entirely  repealed;  still,  the  imports  are  small, 
as  large  quantities  of  verdigris  are  prepared  in  England 
with  pyroligneous  acid  and  cider  refuse.  The  foreign 
salt  sells  at  a shilling  per  pound,  and  the  English  variety, 
made  from  cider  refuse,  at  ninepence,  as  it  has  a greenish 
color,  and  is  in  every  respect  inferior  to  the  former. 

ACETATE  OF  THE  OXIDE  OF  ETHYLE.— 
Acetic  Ether. — This  compound  is  prepared  by  distilling 
ten  parts  of  anhydrous  acetate  of  soda  with  seven  parts 
of  sulphuric  acid  and  eight  of  absolute  alcohol.  The 
fluid  which  passes  over  is  mixed  with  carbonate  of  soda 
till  neutralized,  the  supernatant  layer  of  aqueous  acetic 
ether  drawn  off  and  agitated  repeatedly  with  dry  chlo- 
ride of  calcium,  until  that  salt  is  no  longer  moistened 
with  it;  the  solution  is  then  distilled  to  procure  the 
pure  ether.  It  is  a colorless  mohOe  liquid,  having 
an  agreeable  refreshing  odor,  and  a pleasant  taste ; it 
bums  witli  a yellowish  flame,  producing  acid  vapors. 
Its  spec.  grav.  is  0'89  at  60°  Fahr.;  it  boils  at  165°, 
and  is  converted  into  vapor  of  spec.  grav.  3‘0634. 

The  liquid  is  soluble  in  seven  parts  of  water,  and  in 
alcohol  and  ether  in  all  proportions.  Its  composition  is 
appended : — 

Atomic  weight  Per  centage  weight 

8 Eqs.  of  carbon, 48  54-55 

8 Eqs.  of  hydrogen, 8 9-09 

4 Eqs.  of  oxygen, 32  36-36 

I Eq.  acetic  ether, 88  100-00 

Formula: — C4  H5  0,  C4  Hg  O3,  or  Cg  Ilg  O4. 

Fig.  30  is  a convenient  form  of  apparatus  for  making 
acetic  ether.  A is  a large  flask,  furnished  with  an 
air-tight  cork,  perforated  with  two  holes,  through  one  of 
which  a safety  or  funnel  tube,  d,  passes,  and  the  other 
receives  the  tube,  c c,  bent  at  right  angles  as  seen  in 
the  figure,  through  which  the  vapors  pass  to  the  con- 
denser. The  condenser,  g,  is  a wide  cylinder,  having 
an  aperture  at  the  bottom,  through  which  the  bent  end 
of  the  tube  passes  into  a flask,  k,  placed  beneath  the 
cylinder  to  receive  the  distilled  products.  A cistern, 
E,  supplies  the  cylinder,  g,  by  the  stopcock,  j,  with 
cold  water,  which  is  conducted  to  the  bottom  by  the 
funnel  pipe,  0,  and  the  partly-heated  water  passes  off 
von.  I. 
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by  the  overflow  pipe,  m,  into  the  vessel,  n.  Heat  is 
applied  to  the  flask  by  means  of  the  spirit  lamp,  L. 

Acetate  of  lead  is  a salt  occasionally  employed  on 
the  large  scale,  when  making  acetic  ether ; the  pro- 
portions taken  are,  sixteen  parts  of  dry  acetate  of 
lead  to  foiu-  and  a half  of  absolute  alcohol,  and  six 
parts  of  sulphuric  acid,  specific  gravity  1'84.  The 
sulphuric  acid  and  alcohol  are  mixed  in  a vessel 
surrounded  by  ice,  and  the  mixture,  when  cooled, 
is  poured  upon  the  finely-divided  lead  salt  in  the 


flask;  the  apparatus  is  adjusted,  and  a gentle  heat 
applied  at  fii'st,  which  is  gradually  increased  towards 
the  end  of  the  distillation.  The  condenser  is  well 
cooled,  and  the  receiver  may  be  advantageously  im- 
mersed in  ice-cold  water.  The  acetic  ether  obtained 
is  rectified  as  before-mentioned. 

When  this  ether  is  poured  upon  chloride  of  cal- 
cium, combination  takes  place,  and  a crystalline  mass 
results,  from  which,  by  the  addition  of  a small  quantity 
of  water,  acetic  ether  again  separates.  By  digestion 
in  a solution  of  potassa,  acetic  ether  suffers  complete 
decomposition ; acetic  acid  imites  with  the  alkali,  and 
ether  passes  off : the  same  ellect  is  produced  when  the 
ether  is  distilled  with  lime.  Hydrochloric,  sulphuric, 
and  nitric  acids  decompose  it,  the  ether  uniting  with 
these  acids  and  liberating  acetic  acid.  Pure  acetic 
ether  does  not  react  on  blue  litmus  paper,  nor  should  it 
be  colored  by  sulphide  of  hydrogen.  It  dissolves  resins, 
siflphur,  phosphorus,  et  cetera,  like  ether. 

This  compound  is  used  as  a constituent  of  several  of 
the  pharmaceutical  preparations  employed  in  medicine. 
From  its  power  of  dissolving  resins  and  essential  oils, 
it  may  be  advantageously  applied  in  the  preparation  of 
varnishes.  The  vinegar  sold  contains  a small  quantity 
of  acetic  ether,  with  the  view,  no  doubt,  of  improving 
its  taste  and  odor. 

ACETATES  OF  IRON. — There  are  two  acetates  of 
iron ; the  protoacetate  and  the  sesquiacetate. 

Protoacetate  of  Iron  may  easily  be  prepared  by 
dissolving  sulphide  of  iron,  or  iron  turnings,  in  acetic 
acid.  In  the  former  case,  sulphide  of  hydrogen,  and  in 
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the  latter,  gaseous  hydrogen  is  evolved.  This  compound 
may  likewise  he  obtained  by  decomposing  a solution  of 
the  protosulphate  of  iron  by  acetate  of  baryta ; but  in 
this  method  there  is  formed  a greater  or  less  amount  of 
sesquisalt,  which  can,  however,  be  reduced  to  the  state 
of  protosalt  by  passing  a stream  of  sulphide  of  hydrogen 
gas  through  the  liquid.  The  protoacetate  of  iron  crys- 
tallizes in  prismatic  crystals  of  a greenish  color,  which 
are  very  soluble  in  water,  and  readily  pass  into  the 
state  of  basic  acetate  when  exposed  to  the  air.  The 
composition  of  the  dry  salt  is — 

Atomic  weight  Ccntesimftl  quantities. 

1 Eq.  of  protoxide  of  iron,  ...  36  41‘379 

1 Eq.  of  acetic  acid,  51  58'621 

87  100-000 

Formula: — FeO,  C4  H3  O3. 

For  commercial  purposes,  this  compound  is  manu- 
factured as  follows: — Into  a large  cast-iron  boiler  or 
pot,  a quantity  of  iron  turnings,  hoops,  or  nails,  are 
introduced,  and  acetic  acid — ^the  crude  pyroligneous  acid 
from  the  distillation  of  wood — is  poured  in  upon  them. 
The  strength  of  the  acid  is  generally  of  7°  Twaddle, 
or  spec.  grav.  1-035.  A temperature  of  150°  Fahr.  is 
maintained  till  the  solution  of  protoacetate  of  iron  is 
obtained,  of  a spec.  grav.  1-09,  or  18°  T.,  at  60°  Fahr. 
During  the  solution  of  the  iron  much  tarry  matter  sepa- 
rates, which  is  skimmed  off,  and  the  solution  frequently 
agitated,  to  free  it,  as  much  as  possible,  from  the  tar. 
As  soon  as  the  above  strength  is  gained,  the  solution  is 
allowed  to  cool,  for  a further  quantity  of  impurities  to 
separate.  When  clean  turnings  are  operated  upon,  the 
process  of  solution  is  completed  in  five  to  seven  days. 
The  hydrogen  that  is  eliminated  during  the  solution 
of  the  iron  prevents  the  oxidation  of  the  iron  salt,  as 
is  seen  in  the  subjoined  equation : — 

Fe  -b  H 0,  C4  H3  O3  = Fe  0,  C4  Hg  O3  + H. 

Acetic  acid.  Protoacetute  of  iron. 

Were  any  sesquisalt  formed,  the  hydrogen,  by  combin- 
ing with  part  of  its  oxygen,  would  again  reconvert  it  to 
a protosalt. 

Some  printers  dissolve  the  iron  without  the  aid  of 
heat,  but  this  method  is  slow  and  unsatisfactory,  for 
the  deposit  of  tarry  bodies  on  the  iron  prevents  the 
action  of  the  acetic  acid ; besides,  from  the  long  expo- 
sure to  the  air,  some  sesquisalt  of  iron  is  generated. 
The  usual  produce  from  one  hundred  gallons  of  acetic 
acid,  and  a proportionate  quantity  of  iron  turnings,  is 
sixty  to  seventy  gallons  of  acetate  of  iron,  spec.  grav. 
1-090,  or  18°  T.,  and  when  this  solution  is  reduced  by 
the  addition  of  water  to  a spec.  grav.  1-060,  it  produces 
with  madder  a deep  black. 

The  mordant  is  likewise  made  by  decomposing  a 
solution  of  sulphate  of  iron  by  acetate  of  lime;  the 
proportions  employed  are  the  following : — 

400  lbs.  of  protosTilphate  of  iron — copperas — dissolved  in 

100  gallons  of  hot  water,  and  the  solution  decomposed  by 
75  gallons  of  acetate  of  lime  liquor,  spec.  grav.  1-08. 

On  agitating  the  menstruum,  the  decomposition  is  ren- 
dered complete ; the  clear  liquor,  which  is  siphoned  off 
after  subsidence  of  the  sulphate  of  Ume,  possesses  a 
density  of  1-110. 


When  the  liquor  is  not  immediately  required  for  use, 
it  is  apt  to  become  oxidized,  and  deposits  a basic  salt, 
to  prevent  which  some  metallic  iron  is  left  in  contact 
with  the  solution — this  will  combine  with  the  oxygen  of 
the  sesquioxide.  Sometimes,  when  a large  quantity  of 
pyroligneous  matters  deposits  in  the  solution,  the  iron  is 
prevented  from  acting  by  the  coating  of  those  matters 
which  fall  upon  it ; in  such  instances,  a quantity  of  fine 
iron  wire  may  be  suspended  in  the  liquid,  and  thus  the 
formation  of  the  basic  acetate  is  prevented. 

In  some  of  the  continental  factories,  the  protoacetate 
of  iron  is  manufactured  by  decomposing  the  protocar- 
bonate of  iron  with  acetate  of  lead : carbonate  of  lead 
precipitates,  and  the  blackish  supernatant  liquor  is  the 
protoacetate  of  iron  in  a very  pure  state.  It  is  kept 
, from  oxidizing  by  immersing  in  it  some  bright  iron 
filings.  The  lead-salt  formed  repays  the  cost  of  the 
manufacture  of  the  acetate.  This  method  is,  however, 
as  yet  limited. 

Sesquiacetate — Peracetate  of  Iron. — This 
salt  is  made  by  dissolving  pure  hydrated  sesqui- 
oxide of  u-on  in  acetic  acid,  or  by  mixing  solutions 
of  sesquisulphate  of  iron  and  acetate  of  baryta  in  an 
iron  pot,  and  agitating  the  liquid.  Sulphate  of  baryta 
precipitates,  and  the  clear  liquid  contains  the  sesqui- 
acetate. It  is  an  uncrystallizable,  dark,  brownish-red 
liquor,  which,  on  evaporation,  yields  a deliquescent  gela- 
tinous paste.  Like  the  acetate  of  alumina,  it  deposits 
an  insoluble  basic  salt  when  heated,  and  hence  its  utility 
in  dyeing  operations.  Bas-ic  acetate  of  the  sesquioxide 
of  non  is  an  insoluble  yellow  powder,  precipitating  out 
of  the  protoacetate  which  has  oxidized  in  the  air,  and 
even  out  of  the  neutral  sesquiacetate  when  kept  for 
some  time,  especially  if  an  alkaline  salt  be  present. 
When  pure,  the  composition  of  the  sesquiacetate  of 
iron  is — 

Atomic  weight  Per  cent 

1 Eq.  of  sesquioxide  of  iron, ....  80  34-344 

3 Eqs.  of  acetic  acid, 133  65-656 

1 Eq.  sesquiacetate  of  iron, 213  100-000 

Formula : — Feg  O3,  3 C4  Hg  Og. 

Sesquiacetate  of  iron  is  manufactured  chiefly  for  the 
use  of  dyers,  the  salt  being  rarely  employed  by  the 
calico-printer. 

Where  the  dyer  requires  imiform  groimds,  he  cannot 
as  well  employ  the  protosalts  of  iron,  for  when  cotton 
is  impregnated  with  such  a solution  as  copperas  or 
the  protoacetate  of  iron,  while  drjting  it  attracts 
oxygen  from  the  air,  and  the  sesquioxide  of  iron,  or  a 
basic  salt,  collects  more  in  those  parts  not  yet  dry,  and 
will,  of  course,  produce  darker  spots  in  the  dye-bath. 
It  is,  therefore,  better  to  prepare  an  acetate  of  the  ses- 
quioxide of  iron  at  once,  either  by  pouring  acetic  acid 
repeatedly  over  iron  turnings  for  several  weeks,  in  ves- 
sels exposed  freely  to  the  air,  or,  still  better,  by  double 
decomposition  with  acetate  of  lead  or  acetate  of  lime. 
For  this  pmq)ose,  dissolve  one  pound  iron-alum  in  half 
a gallon  of  water,  add  one  poimd  acetate  of  lead,  stir 
the  liquor  well,  let  it  settle,  and  decant  or  filter.  The 
solution  made  fi:om  iron-almn  will  not  keep  long,  as  it 
gradually  deposits  an  insoluble  basic  salt  from  the 
presence  of  sulphate  of  potassa,  while  that  made  from 
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sesquisulphate  of  iron  will  retain  its  properties  for  a 
great  length  of  time;  on  the  other  hand,  iron-alum 
is  more  convenient  in  use,  from  its  containing  known 
quantities  of  sesquioxide,  and  the  difficulty  above- 
mentioned  may  he  obviated  by  preparing  only  the 
quantity  required  for  immediate  use. 

The  sesquiacetate  of  iron  may  also  be  made  from 
sesquisulphate  of  iron  and  acetate  of  lead.  As  the 
sesquisulphate  of  iron  is  not  so  uniform  in  composition 
as  the  iron-alum,  it  may  be  well  to  ascertain  how  much 
oxide  of  iron  and  sulphuric  acid  it  contains,  in  order  to 
know  what  quantity  of  acetate  of  lead  to  employ  in  its 
decomposition.  For  this  purpose,  weigh  out  one  hun- 
dred grains,  which  is  about  half  an  equivalent  of  dry 
and  pure  sesquisulphate ; dissolve  in  water,  and  filter ; 
add  two  hundred  and  eighty-five  grains  crystallized 
acetate  of  lead — ^half  of  three  equivalents — dissolved  in 
water,  filter  and  weigh  the  precipitate,  which  is  sul- 
phate of  lead : every  seventy-six  grains  of  this  sulphate 
of  lead  require  ninety-five  or  more— safely,  ninety — 
gi'ains  of  acetate  of  lead  to  insure  sufficient  decomposi- 
tion. CaUing  grains,  pounds,  the  operation  may  then 
be  conducted  on  a large  scale.  The  excess  of  acetate  of 
lead  in  the  acetate  of  iron  mordant,  may  be  ascertained 
by  diluting  a little  of  the  clear  liquor  with  water,  and 
adding  a few  drops  of  sulphuric  acid ; if  it  becomes 
cloudy,  there  is  an  excess  of  acetate  of  lead,  which 
may  prove  injurious  to  colors,  but  this  is  easily  obviated 
by  adding  a little  more  sesquisulphate  of  iron,  until  the 
clear  liquor  is  no  longer  affected  by  sulphxiric  acid.  For 
the  ordinary  operations  of  the  dyer,  it  may  not  be  neces- 
sary to  decompose  all  the  sesquisulphate  of  iron ; but  for 
printing,  and  particularly  for  full  russets,  the  whole  salt 
should  be  sesquiacetate  of  iron,  otherwise  some  of  the 
sulphate  would  disappear  in  washing  the  goods,  while 
they  may  be  fuUy  charged  with  basic  acetate  of  iron, 
which  cannot  be  removed  by  water. 

The  acetates  of  iron  are  employed  in  woollen  dye- 
ing, to  produce  blue  with  ferroc^nide  of  potassium — 
yellow  prussiate ; in  cotton  dyeing  and  printing,  and  in 
silk  dyeing,  for  blacks,  russets,  et  cetera;  the  protoace- 
tate with  madder,  for  violet ; the  same,  together  with 
red  liquor,  for  brown ; in  dyeing  hats  and  furs  black ; 
for  blackening  leather,  wood,  et  cetera.  Some  prefer  the 
protoacetate,  because,  by  the  oxidation  of  the  iron  sub- 
sequent to  dyeing,  the  colors  are  more  resistent ; but 
greater  uniformity  of  the  ground  is  insured  by  the  use 
of  sesquiacetate. 

The  sesquiacetate  of  iron,  containing  protoacetate, 
may  also  be  conveniently  made  by  pouring  pyroligne- 
ous acid  on  iron  turnings  in  a series  of  vessels  placed 
obliquely  one  above  the  other — as  will  be  more  parti- 
cularly described  under  acetate  of  lead — suffering  the 
acid  to  remain  the  same  length  of  time  in  contact  with 
the  metal,  and  repeating  the  operation  twice,  or  imtU 
the  acid  is  saturated. 

Pyroligneous  acid — crude  wood  vinegar — is  now  al- 
most universally  employed  for  the  mamffacture  of  the 
protoaeetate  and  sesquiacetate  of  iron. 

ACETATE  OF  LEAD. — Sugar  of  Lead;  Salt  of 
Saturn,  of  the  old  chemists. — Oxide  of  lead  unites  with 
acetic  acid  in  various  proportions,  the  most  important 
of  those  combinations  being  the  neutral  aeetate,  known 
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in  oommerce  under  the  above  names.  It  is  used  to  a 
great  extent  in  the  calico-printing  business,  and  likewise 
in  dyeing,  for  the  preparation  of  otlier  compounds 
employed  in  those  trades,  and  occasionally  as  a medici- 
nal agent,  and  in  pharmaceutical  preparations. 

It  may  be  prepared  by  digesting  pure  oxide  of  lead 
in  dilute  acetic  acid,  or  by  exposing  thin  sheets  of  lead 
in  a confined  chamber  to  the  action  of  the  vapor  of 
acetic  acid ; they  become  corroded,  and  there  is  formed 
a mixture  of  carbonate  and  acetate  of  lead  on  the  sur- 
face of  the  sheets,  which  is  scraped  off,  and  dissolved 
in  a slight  excess  of  acetic  acid.  On  evaporating  this 
solution,  the  acetate  of  lead  crystallizes  in  acicular 
masses,  if  the  hot  solution  be  set  aside  to  cool  rapidly ; 
but  if  the  evaporation  be  conducted  slowly,  the  crys- 
tals are  truncated  and  flattened  quadrangular  and  hexa- 
hedral  prisms — Fig.  31  — 
derived  from  a right  rhom-  Fig.si 

bic  prism.  The  crystals  are 
permanent  in  the  air,  but 
are  apt  to  effloresce  and  be- 
come anhydrous  if  the  tem- 
perature ranges  between  70° 
and  100°  Fahr.  Anhydrous 
acetate  of  lead  is  soluble  in 
boiling  absolute  alcohol,  and 
is  deposited  again  in  hexagonal  plates  on  the  slow 
cooling  of  the  spiritous  solution.  Acetate  of  lead  has 
a sweet  astringent  taste,  is  soluble  in  less  than  three 
and  a half  times  its  weight  of  boiling  water,  and  in 
nearly  the  same  quantity  of  cold  water.  Payen  states, 
that  a hundred  parts  of  water  at  60°  Fahr.,  dissolve 
fifty-nine  parts  of  the  crystallized  acetate  of  lead.  The 
orystaUized  salt  is  fusible  in  its  water  of  crystallization 
at  130°,  boils  at  212°,  and  after  elimination  of  the 
water  solidifies  into  a lamellar  mass. 

On  raising  the  temperature  higher,  the  substance 
fuses,  and  evolves  all  the  compounds  usually  obtained 
in  the  destructive  distillation  of  the  acetates  of  the 
heavy  metals,  leaving  a residue  of  highly  pyrophoric 
metallic  lead,  in  a very  minute  state  of  division,  with 
some  charcoal. 

A slight  decomposition  occurs  when  the  neutral  salt 
is  exposed  to  an  atmosphere  of  carbonic  acid — carbo- 
nate of  lead  being  formed ; the  portion  of  acetic  acid 
thus  liberated  protects  the  remainder  from  further 
change. 

The  anhydrous  acetate  is  composed  of — 


Atomic  weight 

Per  centage 
weight. 

1 Eq.  of  oxide  of  lead, 

112 

1 Eq.  of  acetic  acid, 

51 

1 Eq.  of  acetate  of  lead, 

163 

. 100-00 

and  the  composition  of  the  crystallized  salt  is- 

1 Eq.  of  oxide  of  lead, 

112 

. 58-95 

1 Eq.  of  acetic  acid, 

51  

. 26-84 

3 Eqs.  of  water,  

27 

. 14-21 

1 Eq.  of  crystallized  acetate  of  lead, . . 

FormrJa: — Pb  0,  C4  H3  O3 

190 

■+-3HO. 

. 100-00 

Brown  Acetate  of  Lead. — The  distilled  pyrolig- 
neous acid  is  saturated  with  litharge  in  a tub,  and  the 
muddy  solution  ladled  out  into  a large  tun  to  settle ; the 
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solid  matter  readily  subsides,  and  the  clear  solution  is 
transfeiTed  into  a pan  of  maUeable-iron,  but  which  may 
be  made  of  cast-iron,  and  six  feet  long  by  four  feet  broad. 
The  solution  is  brought  to  the  boiling  point  in  this  pan, 
then  allowed  to  settle ; it  is  next  transferred  into  a large 
hemispherical  pan,  capable  of  holding  about  three  hun- 
dred or  four  hundred  gallons,  where  it  is  evaporated  down 
to  about  crystallizing  strength.  When  the  solution  has 
become  dense  enough  to  crystallize,  about  three  times 
its  bulk  of  water  is  run  in  upon  it  whilst  boiling,  the 
solntion  being  constantly  stirred.  By  this  treatment 
a considerable  quantity  of  impurities  is  disengaged, 
which  may  be  skimmed  off  as  fast  as  they  rise  to  the 
surface ; after  they  are  removed,  the  evaporation  goes 
on  as  before.  If  the  solution  be  stiU  too  much  colored, 
another  dose  of  water  must  be  given.  A little  practice 
soon  enables  the  operator  to  know  when  the  evaporation 
should  be  checked.  The  ordinary  method  is,  to  rinse  a 
ladle — which  is  used  to  skim  off  tar  from  the  solution 
— through  the  liquid,  and  observe  how  many  drops  faU 
from  it  before  the  solution  takes  a stringy  appearance ; 
if  only  ten  or  twelve  fall,  then  it  is  sufiSciently  strong. 
The  liquid  is  now  ladled  out  into  malleable -iron  pans 
to  crystallize;  the  pans  are  five  feet  long  by  three 
feet  broad,  and  about  six  inches  deep,  the  sides  being 
bevelled  or  sloping  outwards  from  the  bottom.  After 
the  crystals  have  become  sufBciently  firm,  the  sugar  of 
lead  is  taken  out,  by  inverting  the  pan  on  a cloth.  The 
pots  used  in  the  above  process  are  heated  only  at  the 
bottom. — A.  P.  Holliday . 

White  Acetate  of  Lead. — This  is  prepared  by 
dissolving  litharge  in  acetic  acid.  The  acetic  acid  is 
introduced  into  a vessel,  the  litharge  added  by  degrees, 
and  the  menstruum  kept  in  brisk  commotion  after  each 
addition,  until  the  solution  only  slightly  reddens  litmus 
paper ; a quantity  of  water,  equal  to  about  one-half  of 
the  acid  employed,  is  then  run  into  the  lead  solution ; 
heat  is  applied,  and  the  mixture  slowly  evaporated  for 
about  twelve  hours,  or  until  it  has  acquired  a density 
of  about  1’500.  During  evaporation,  any  impurities 
which  rise  to  the  surface  are  skimmed  off,  and  when  the 
solution  has  acquired  its  proper  gravity,  it  is  drawn  ioto 
the  crystallizing  pans.  When  the  crystals  have  become 
sufiiciently  hard  to  allow  of  their  being  taken  en  masse 
from  the  crystallizers,  they  are  drained  and  placed  on 
wooden  racks  in  the  drying-house,  and,  when  dry, 
cleaned  and  broken  up  into  fragments  for  the  market. 

The  mother  liquor,  which  contains  neutral  and  basic 
acetates  of  lead  and  other  metallic  salts,  may  either  be 
treated  with  vinegar,  evaporated,  recrystallized,  and  the 
residue  employed  as  washings  in  subsequent  operations ; 
or  it  may  be  decomposed  by  carbonate  of  soda  or  hme, 
and  used  as  carbonate  of  lead ; or  dissolved  in  acetic 
acid,  and  the  supernatant  acetate  of  soda  or  lime  re- 
covered. 

Vessels  used  in  this  manufacture  are,  in  most  cases, 
of  lead.  In  Wales,  the  mixing  pans  are  of  lead, 
three  quarters  of  an  inch  thick,  seven  feet  long  by  four 
and  a half  feet  wide,  and  one  foot  deep.  These  pans 
are  set  on  iron  plates  over  arches,  and  the  fireplaces  are 
outside  the  building,  in  order  that  the  acetate  may  not 
be  darkened  by  the  sulphurous  vapors  from  the  coal. 
The  crystallizing  pans  are  of  wood,  lined  with  thin  cop- 


per, and  are  about  four  feet  long  by  two  feet  mde,  and 
from  six  to  eight  inches  deep,  sloping  inwards  at  the 
edges.  At  Pitchcombe,  the  mixing  and  crystallizing 
vessels  are  both  of  copper,  having  a strip  of  lead  sol- 
dered down  the  sides  and  across  the  bottom  of  the  vessel, 
to  render  the  metals  more  electro-negative,  whereby 
the  acetic  acid  is  prevented  acting  on  the  copper. 
Very  great  care  is  requisite  in  the  drying  of  the  sugar 
of  lead;  the  temperature  of  the  desiccating-house  should 
not  exceed  90°  Fahr.  In  Wales,  the  heated  air  of  a 
stove,  placed  outside  the  drying-house,  is  conveyed 
through  pipes  passing  round  the  interior;  at  other 
places,  steam  heat  is  the  agent  for  this  puiqjose,  which 
is  much  to  be  preferred  on  account  of  its  being  more 
easily  regulated. 

That  the  manufactmer  may  the  better  judge  of  the 
success  of  his  operations  from  the  amount  of  the  product 
obtained,  the  following  will  serve  as  a precedent : — One 
hundred  and  twelve  pounds  of  good  Newcastle  litharge 
should  produce  a hundi’ed  and  eighty-seven  pounds  of 
sugar  of  lead,  when  treated  \vith  a hundred  and  twenty- 
seven  pounds  of  acetic  acid  of  spec-  grav.  1‘057,  but  not 
more  than  a hundred  and  eighty  pounds  are  obtained 
in  practice.  The  quantity  produced,  given  in  Uee’s 
Dictionary  of  Arts  and  Manufactures,  and  in  other 
works,  is  evidently  a misprint,  being  almost  three  times 
the  weight  of  the  litharge  employed.  A manufacturer 
of  sugar  of  lead  would  indeed  be  fortunate  who  could 
obtain  such  a return.  In  a factory  in  Wales,  a ton  of 
Welsh  litharge  produces,  with  the  acid  obtained  from 
one  ton  of  acetate  of  lime,  from  twenty-eight  to  tliirty 
hundred  weight  of  sugar  of  lead ; and  in  another  ma- 
nufactory, one  ton  of  best  Newcastle  litharge,  with  the 
acid  from  one  ton  and  a half  of  acetate  of  lime,  produces 
thirty-three  hundred  weight  of  the  lead  salt. 

The  following  process  with  metallic  lead,  recom- 
mended first  by  Berard,  is  easily  executed,  and  is  said 
by  Runge  to  yield  a good  product  with  great  economy. 
Granulated  lead,  the  tailings  in  the  white  lead  manu- 
facture, et  cetera,  are  put  in  several  vessels — say  eight — 
one  above  the  other,  upon  steps,  so  that  the  liquid  may 
be  run  from  one  to  the  other.  The  upper  one  is  filled 
with  acetic  acid,  and  after  half  an  hour  let  off  into  the 
second,  after  another  half  hour  into  the  third,  and  so  on 
to  the  last  or  eighth  vessel.  The  acid  causes  the  lead 
to  absorb  oxygen  rapidly  from  the  air,  evolving  heat, 
so  that,  when  the  acid  runs  off  from  the  lowest,  it  is 
thrown  on  the  uppermost  vessel  a second  time,  car- 
ries off  the  acetate  of  lead  formed,  and  after  passing 
through  the  whole  series,  the  solution  is  so  strong  that 
it  may  be  evaporated  at  once  to  crystallize.  There  are 
two  points  of  importance  in  tliis  manufactme.  What- 
ever method  may  be  pursued,  a strong  acid  is  to  be 
employed,  that  less  of  it  may  be  lost  in  concentrating 
the  liquid,  and,  likewise,  to  economize  time,  and  retain 
an  acid  reaction  in  the  liquid,  by  which  the  formation 
of  a basic  salt  is  prevented. 

It  may  not  be  amiss  to  caU  attention  here  to  a pro- 
cess, patented  about  ten  years  since,  for  preparing 
acetate  of  lead  and  other  acetates.  It  consists  in 
employing  the  acid  in  the  state  of  vapor,  to  act  upon 
the  bases,  instead  of  using  it  in  the  liquid  form.  A 
vessel  is  provided  of  adequate  capacity  for  the  quantity 
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of  acetate  required,  and  constructed  of  such  material 
as  will  not  be  readily  destroyed  by  the  acid.  The  top 
of  this  vessel  is  closed  hermetically  by  a cover,  fastened 
down  by  any  convenient  means,  and  in  the  lower  part 
of  the  vessel  is  placed  either  a minutely-perforated  false 
bottom,  or  a coiled  tube  of  several  convolutions,  mi- 
nutely perforated,  to  permit  vapor  to  permeate  freely. 
To  prevent  the  loss  of  acid,  there  is  also  placed,  at  differ- 
ent degrees  of  elevation,  several  perforated  diaphragms, 
similar  to  the  false  bottom  just  mentioned,  on  each  of 
which  is  spread  a layer  of  litharge,  after  which  the 
cover  of  the  vessel  is  to  be  accurately  closed.  By 
means  of  an  ordinary  distillatory  apparatus,  liquid  acetic 
acid — strong  or  weak,  pme  or  impure — is  converted  into 
vapor,  which  is  then  conducted  by  means  of  a pipe  into 
the  convoluted  and  perforated  one  before  mentioned,  or 
between  the  real  bottom  of  the  vessel  and  the  perforated 
false  bottom;  hence  the  vapor,  passing  through  the 
numerous  perforations  of  the  false  bottom  and  dia- 
phragms, diffuses  itself  throughout  every  part  of  the 
vessel,  its  acid  entering  into  combination  with  the  base 
employed,  and  forming  the  acetate,  which  falls  to  the 
bottom  of  the  vessel,  and  in  its  descent  meets  with  the 
ascending  streams  of  vapor,  the  acid  of  which  renders 
it  perfectly  neutral ; meanwhile  the  more  aqueous  parts 
of  the  vapor  become  hberated,  and  maintaming  their 
temperatme  ascend,  and  in  their  passage  through  the 
successive  layers  of  the  base  are  deprived  of  their 
remaining  acid.  The  vapor,  thus  reduced  to  sim- 
ple steam,  is  allowed  to  escape  through  one  or  more 
pipes  at  the  top  of  the  vessel,  and  as  this  still 
maintains  a boiling  temperature,  it  is  conducted 
through  a worm  to  evaporate  the  acetate  or  mother 
Uquor.  Distillation  of  the  acid  is  continued  until  the 
acetate  in  the  vessel  has  acquired  the  proper  degree 
of  concentration  for  crystallization,  which  is  easily  as- 
certained by  examining  a small  quantity  drawn  off  by 
a tap  at  the  bottom  of  the  vessel,  through  which  the 
whole  contents  are  discharged  when  the  operation  is 
completed.  As  the  work  ^aws  to  its  close,  nearly 
all  the  base  having  combined  with  the  acid,  the  vapor 
issues  out  of  the  vessel  charged  with  a certain  por- 
tion of  acid;  and  that  no  loss  may  be  sustained  by 
its  escape  into  the  atmosphere,  it  is  conducted  into 
another  vessel  prepared  like  the  first-mentioned,  but 
charged  superabundantly  with  the  base,  to  take  up 
every  particle  of  the  acid  issuing  from  the  first  vessel, 
until  the  contents  of  the  latter  are  converted  into  ace- 
tate of  lead.  As  the  temperature  of  the  solution  of  the 
acetate  can  never  exceed  that  of  the  vapor,  the  crystal- 
line product  is  of  fine  quality. 

ACETATE  OF  LIME. — This  salt  is  formed  when 
pure  carbonate  of  lune  is  dissolved  in  acetic  acid.  The 
action  is  as  follows : — 

Ca  0,  C Og  -|-  Hg  Og,  n 0 = Ca  0,  Hg  Og  -|- 

Carbonate  of  lime.  Hydrated  acetic  acid.  Acetate  of  limo. 

H 0 -1-  C 0,. 

According  to  Pelouze,  the  carbonate  of  lime  does 
not  dissolve  in  the  monohydrated  acid.  The  pure  salt 
crystallizes  in  silky,  acicular  prisms,  of  a bitterish  saline 
taste,  which  effloresce  when  heated  to  212°.  It  is  solu- 

ble  in  water  and  alcohol.  The  dry  salt  has  the  property 
of  being  phosphorescent  in  the  dark,  when  tritmated  at 
226°  Falir.  Its  composition  is — 

Atomic  weight  Per  centage  weight 

1 Eq.  of  lime, 28  35'4 

1 Eq.  of  acetic  acid, 5i  64-C 

1 Eq.  of  acetate  of  lime, 79  100-0 

When  speaking  of  the  preparation  of  pure  acetic  acid 
from  wood  acid — page  28 — a cm-tailed  account  of  the 
production  of  this  compound  was  given,  as  likewise 
for  the  acetate  of  soda.  A modification  of  the  method 
there  mentioned,  for  the  production  of  a purer  article 
for  the  market,  will  be  here  considered.  The  following 
is  the  mode  of  working  in  large  factories : — The  crude 
acid  hquor  from  the  distillation  of  wood,  after  separat- 
ing the  pyroxylic  spirit,  is  either  distilled  or  run  off 
into  other  convenient  vessels,  according  as  the  grey  or 
Irown  acetate  is  to  be  procured.  In  either  case,  the 
subsequent  procedure  is  the  same.  Five  hundred  cl- 
one thousand  gallons  of  the  hquid  are  rim  off  into 
wooden  or  iron  vessels,  of  suitable  capacity,  and  pow- 
dered chalk  or  slacked  lime  added,  till  a slight  excess 
remains  undissolved,  and  the  whole  agitated  brisldy  for 
some  time,  in  order  to  insure  complete  combination. 
The  menstruum  is  then  allowed  to  rest  at  a temperatm-e 
of  150°,  tin  the  excess  of  lime  and  tarry  compounds 
subsides,  when  the  clear  supernatant  liquid  is  siphoned 
off  into  the  evaporating  pans,  which,  in  most  factories, 
are  wooden  vessels  fined  with  lead,  and  heated  by  coils 
of  iron  pipes  placed  -within  them,  through  which  steam 
passes ; in  some  factories  they  are  shallow,  and  made 
of  sheet-iron,  and  placed  together  directly  over  the  fire. 
The  solution  of  the  lime  salt  is  kept  simmering,  and 
briskly  agitated  during  the  evaporation,  and  the  scum 
of  tarry  impurities  that  agglomerates  at  the  surface 
must  be  skimmed  off.  Acetate  of  lime,  as  soon  as 
it  begins  to  form,  is  separated  from  the  liquor  by  the 
skimmers,  and  thrown  into  wicker  baskets  suspended 
over  the  pans,  so  that  the  solution  draining  from  the 
salt  may  not  be  allowed  to  cool.  The  subjoined  prac- 
tical results  were  obtained  by  the  use  of  three  sheet-iron 
pans  of  about  eighteen  inches  in  depth,  each  capable 
of  containing  fo',jr  hundred  and  fifty  gallons  of  the 
solution. 

of  eoK  o7 liquor  rroilycine  of 'lO' 
evoiioi-atod.  acolate  of  bme, 

In  the  first  six  days,  of  twenty- 1 „ 

four  hours  each / 78  owt. 

In  the  second  six  days,  of  twenty- ) „ ,, 

four  hours  each,:.  . . .f  ^2 

In  the  third  week  of  six  days,  of  1 7 nnn  7a  11 

twenty-four  hours  each, J 

Two  of  the  pans  contained  irown  acetate  of  lime 
liquor. 

The  yield  of  acetate  here  mentioned  is  of  course 
dependent  upon  the  variety  of  wood  submitted  to  dis- 
tillation, as  also  upon  its  state  of  di-yness  and  the  pro- 
per regulation  of  temperature.  That  part  of  the  process 
which  demands  the  greatest  attention  is  the  drying,  as 
on  the  proper  execution  of  it  the  success  of  the  opera- 
tion in  a great  measure  depends.  Several  methods  are 
in  use  for  drying  the  lime  salt,  some  of  which  cannot 
prove  efiBcient  to  the  maniffacturer.  In  some  factories. 
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the  salt  is  dried  by  sjjreading  it  in  thick  layers  on  the 
top  of  the  brickwork  surrounding  the  carbonizing  retorts 
and  steam-boilers;  but  in  large  works,  where  ten, 
twelve,  or  fifteen  thousand  gallons  of  liquor  are  eva- 
porated weekly,  the  products  could  not  be  dried  in 
this  way.  In  well-regulated  factories,  it  is  custom- 
ary to  have  a drying-house  apart  for  the  purpose, 
and  where  lime  is  hm-ned  on  the  premises  the  heat 
from  the  kilns  is  advantageously  applied  to  drying  the 
hme  salt,  by  conducting  it  through  flues  in  the  floor  of 
the  drying-house.  As  a rule,  there  should  be  a drying- 
house  attached  to  every  factory,  for  exsiccating  the 
acetates,  as  the  want  of  it  may  entail  the  loss  of  the 
whole  product  of  the  distillation  of  the  wood,  so  far  as 
the  acetic  acid  is  concerned.  The  following  description 
of  a diying-fumace  is  taken  from  an  article  on  wood 
vinegar,  and  the  manufacture  of  some  of  the  acetates, 
in  the  Pharmaceutical  Journal : — 

The  drying  apparatus  is  a simple  wind  furnace,  seven 
or  eight  feet  long,  and  four  and  a half  feet  broad,  built 
of  brick.  At  six  inches  above  the  ground  is  the  ash- 
pit, eight  inches  broad  and  twelve  inches  high,  which  is 
covered  with  a grate  of  bricks.  The  fireplace  is  twenty 
inches  high,  and  ten  inches  broad,  at  the  grate ; over  it 
is  an  arch  of  bricks,  so  that  the  fire  cannot  play  on,  and 
heat  very  higlily,  the  iron  drying-plate  lying  on  the  side 
of  the  hearth.  The  space  below  the  drying-plate  is 
separated  from  the  hearth  by  a partition  of  bricks,  three 
or  four  inches  high ; twelve  inches  above  the  outlet  of 
the  hearth  is  a layer  of  iron  bars,  one  and  a half  to  two 
inches  from  each  other,  and  upon  these  is  deposited  the 
drying-plate.  This  consists  of  cast-iron,  a quarter  of  an 
inch  thick,  and  is  formed  according  to  the  size  of  the 
furnace.  Round  the  plate  the  furnace  is  built  up  to  the 
height  of  ten  inches  on  the  side  of  the  front  wall,  leav- 
ing room  for  doors,  which  may  be  calculated  at  two  and 
a half  feet.  These  doors  are  two,  one  above  the  other, 
through  which  the  whole  interior  of  the  furnace  can  be 
inspected.  They  are  formed  of  plate-iron,  and  have  in 
their  middle  a sliding  door,  to  admit  of  the  exit  of  the 
vapor  of  the  acetate  of  hme,  and  of  some  ventilation. 
A waU  built  at  the  end  of  the  plate,  or  a clay  partition, 
separates  the  whole  of  the  drying-plate  from  the  chim- 
ney. In  the  walls  of  the  furnace,  iron  bars  are  fixed, 
and  upon  these  a second  drying-plate  covers  the  drying 
space.  This  plate,  as  it  does  not  come  in  contact  with 
the  fire,  may  consist  of  good  iron,  or  of  clay.  Above 
this  drying  space  another  is  formed  by  means  of  the 
chimney.  The  heat  passes  as  weU  under  as  above  the 
drying  space,  thence  into  the  chinmey,  which  is  situ- 
ated at  the  side  of  the  furnace,  and  can  be  shut  by  a 
valve.  The  prevailing  temperature  in  the  drying-room 
is  167°  to  235°  Fahr.  Turf  forms  the  best  material  for 
fuel,  as  it  does  not  bum  rapidly,  and  produces  a steady 
and  equal  temperature. 

When  the  furnace  is  equally  heated  to  the  proper 
temperature,  the  fire  is  slackened.  If  wood  be  em- 
ployed for  fuel,  the  sliding  door  should  be  opened  at 
the  commencement,  in  order  to  allow  the  moisture 
to  escape.  The  salt  is  transferred  from  the  baskets 
over  the  evaporating  pans  to  the  drying-plate,  and 
spread  out  to  the  depth  of  two  inches,  and  after  the 
first  portion  has  become  somewhat  dry,  the  depth 


is  increased  to  four  or  five  inches ; the  heat,  as  already 
mentioned,  is  kept  up  for  twenty-four  hours,  during 
which  the  salt  is  repeatedly  turned.  Subsequently, 
when  the  mass  appears  to  be  becoming  dry,  the 
temperature  is  raised  to  257°  Fahr.,  in  order  to  expel 
every  trace  of  water ; in  doing  so,  however,  care  must 
be  taken  that  it  is  gradually  applied,  and  that  no  fume 
is  expelled  from  the  acetate  of  lime,  for  then  decompo- 
sition of  the  salt  would  be  taking  place ; neither  should 
any  spark  of  fire  be  suffered  to  come  in  contact  with 
the  dried  salt,  since  it  possesses  the  characteristic  pro- 
perty of  igniting  and  burning  like  sugar  of  lead.  Dur- 
ing the  diying  by  this  means,  the  tairy  and  oleaginous 
matters  with  which  the  acetate  is  impregnated  are 
decomposed,  a black  charcoal  remaining,  which  appears 
in  streaks  through  the  dry  mass.  On  dissolving  the 
desiccated  acetate  of  hme  in  three  parts  of  hot  water, 
and  filtering  through  coarse  animal  charcoal  or  gravel, 
the  charcoal  and  decomposed  carbonaceous  matters  of 
the  salt  are  retained;  and  the  solution,  upon  evapora- 
tion and  subsequent  torrefaction  of  the  residuary  mat- 
ter, afibrds  a very  pure  and  nearly  colorless  product 
The  average  yield  of  this  salt  from  one  ton  of  wood,  is 
one  hundred  and  forty  pounds. 

ACETATE  OF  MANGANESE.  — This  compound 
is  prepared  by  dissolving  pure  carbonate  of  manganese 
in  acetic  acid,  evaporating  the  solution,  and  crystal- 
lizing. The  crystals  are  of  tlie  rhombic  prism,  and 
occasionally  in  plates  of  an  amethystine  color;  they 
are  permanent  in  the  air,  soluble  in  alcohol,  and  in 
about  three  and  a half  times  their  weight  of  cold  water. 
The  composition  of  the  dry  salt  is — 

Atomic  weight  Per  centage  composition. 

1 Eq.  of  protoxide  of  manganese,  28  41-38 

1 Eq.  of  acetic  acid, 51  58-62 


79  100-00 

Formula: — Mn  0,  C4  H3  O3. 

On  the  large  scale,  this  salt  is  manufactured  by  pre- 
cipitating a solution  of  the  sulphate  of  manganese  by 
one  of  acetate  of  lime,  and  agitating  the  liquor  to  de- 
compose the  whole  of  the  sulphate  of  manganese. 

It  happens  that  a portion  of  the  manganese  salt  is 
not  acted  upon  by  the  acetate  of  hme,  and  to  effect 
the  complete  decomposition  a concentrated  solution  of 
acetate  of  lead  is  employed  towards  the  end.  The 
mixed  precipitate  of  sulphate  of  lime  and  lead  is  filtered 
off,  and  the  filtrate  evaporated  and  crystallized,  or  used 
directly,  if  deemed  necessary.  The  best  acetate  of 
manganese  is  made  by  adding  to  four  parts  of  sulphate 
of  manganese  in  three  parts  of  water,  seven  parts  of 
crystallized  acetate  of  lead  dissolved  in  three  parts  of 
water,  agitating  the  solution,  and  drawing  off  the  clear 
liquor  for  use. 

Acetate  of  manganese  is  used  in  dyeing  and  calico- 
printing,  to  give  a brown  color  to  fabrics.  Its  principle 
of  action  depends  upon  the  oxidation  of  the  protoxide. 
The  cloth  is  well  steeped  in  a concentrated  solution  of 
the  acetate  of  manganese,  and  printed ; it  is  then  passed 
through  a bath  of  hypochlorite  of  lime — bleaching 
powder — ^which  converts  the  protoxide  of  manganese 
into  a higher  oxide,  producing  a brown  color  on  that 
which,  previous  to  the  immersion  in  the  bleaching  or 
chloride  of  lime  solution,  was  colorless. 
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ACETATE  OF  SODA. — This  salt  is  formed  by 
dissolving  carbonate  of  soda  in  acetic  acid,  evaporat- 
ing the  solution,  and  setting  the 
bquor  aside  to  crystallize.  The 
crystals  are  oblique  rhombic 
prisms — Fig.  32 — soluble  in  three 
parts  of  cold,  in  a less  quantity 
of  boiling  water,  and  in  five  of 
alcohol. 

The  composition  of  the  dry  salt  is  appended : — 

Atomic  weight  Per  centago  weight 


1 Eq.  of  soda,  

....  31  .... 

37-8 

1 Eq.  of  acetic  acid, 

....  51  .... 

....  62-2 

1 Eq.  of  acetate  of  soda,  .... 

....  82  .... 

100-0 

Formula : — Na  0,  C4  H3  O3. 

On  the  large  scale,  the  manufacture  is  carried  out  in 
the  following  way : — A filtered  solution  of  the  common 
acetate  of  lime  is  precipitated  by  one  of  sulphate  of 
soda,  at  98°  or  100°  Fahr.,  till  the  whole  of  the  lime 
is  thrown  down  as  sulphate.  The  strength  of  the  solu- 
tion of  the  lime-salt  is  1‘116,  and  of  the  soda  solution 
1'250;  or  the  sulphate  of  soda  may  be  added  in 
powder,  and  the  whole  weU  agitated  until  no  further 
precipitation  of  sulphate  of  lime  takes  place,  using  the 
precaution,  however,  of  adding  the  sulphate  of  soda 
sparingly,  so  as  to  prevent  its  excess.  The  mixture, 
after  thorough  agitation,  is  drawn  off  into  a deep  ves- 
sel and  allowed  to  repose,  and  when  the  precipitated 
sulphate  of  lime  has  completely  settled,  the  clear 
liquor  is  siphoned  off  and  conducted  to  the  evapo- 
rating pans  for  crystallization,  the  lime-salt  remaining 
being  washed  with  successive  portions  of  water,  till  the 
whole  of  the  acetate  of  soda  is  separated.  The  first 
washings  may  be  added  to  the  strong  solutions  in  the 
evaporating  pans,  and  the  others  retained  for  dissolv- 
ing fresh  portions  of  acetate  of  lime  for  subsequent 
decomposition.  Occasionally,  the  solution  from  the 
decomposing  vessel  is  filtered,  and  the  precipitate 
washed  in  the  following  manner: — One  or  two  backs 
are  provided,  according  to  the  size  of  the  factory; 
these  are  placed  over  two  cisterns,  each  cistern  being 
cormected  with  both  the  backs  by  pipes,  branching 
from  the  latter  to  both  cisterns ; by  means  of  a stop- 
cock in  those  coimecting  pipes,  the  commrmication 
with  either  back  may  be  cut  off  at  will  when  required, 
as  seen  in  Fig.  33.  The  backs  are  either  square  or 
circular,  having  false  bottoms,  in  which  are  filters  of 
stout  twilled  flannel.  The  charge  from  the  decompos- 
ing pan  is  run  on  to  one  of  the  backs  and  filtered,  till 
the  whole  of  the  strong  liquor  has  passed  into  one  of  the 
cisterns ; the  connection  with  this  cistern  is  then  cut 
off,  and  when  the  washing  of  the  residue  commences, 
the  pipe  communicating  with  the  other  cistern  is  open, 
which  conducts  the  washings  into  it.  A fresh  charge 
may  be  introduced  into  the  second  back,  and  the  pipe 
reaching  to  the  cistern  holding  the  strong  liquor  opened, 
and  thus  the  strong  liquor  is  always  obtained  by  itself 
ready  for  evaporation.  Another  advantage  is,  that 
while  the  residue  in  one  back  is  in  the  course  of  being 
washed,  the  other  may  be  filtering  off  strong  hquor. 
The  washing  is  continued  till  the  percolations  are  nearly 


tasteless,  and  the  residuary  sulphate  of  lime  dug  out  of 
the  filters  with  wooden  spades — ^iron  spades  cannot  be 
used,  as  they  are  apt  to  cut  the  filters.  Dilute  solu- 
tions from  the  washing  may  be  employed  to  dissolve 
fresh  quantities  of  the  acetate  of  lime  for  decomposition, 
by  means  of  the  soda-salt.  The  acetate  of  soda  liquor 
is  then  pumped  from  the  cisterns  into  the  evaporating 
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pans,  which  should  be  so  constructed  as  to  offer  as 
much  heated  siuface  as  possible,  so  that  one  man  can 
keep  their  contents  in  brisk  agitation.  As  the  eva- 
poration draws  to  a termination,  much  care  and  skill  are 
required  in  keeping  the  liquefied  salt  well  stirred,  so 
as  to  have  every  part  equally  under  the  influence  of 
the  heat,  and  to  prevent  decomposition  of  the  whole 
mass.  The  temperatvue  should  never  rise  higher  than 
500°  Fahr.,  and  in  drying  the  acetate  of  soda,  450°  to 
470°  is  the  temperatiue  that  should  be  applied.  White 
fumes  passing  off  from  the  fused  mass  are  indicative  of 
the  decomposition  of  the  salt,  and  if  the  fire  be  not 
checked  immediately,  nothing  will  be  left  but  carbonate 
of  soda  and  charcoal.  If  the  purified  acetate  of  lime 
be  employed,  the  acetate  of  soda,  obtained  by  dissolving 
the  above  product  in  water,  evaporating  and  crystal- 
lizing, will  be  quite  pure.  For  this  purpose,  the  fused 
salt  is  dissolved  in  twice  its  weight  of  water,  the  solu- 
tion filtered  through  filter-bags,  and  the  liquor  evapo- 
rated tin  it  acquires  a spec.  grav.  of  1*50,  when  it  is 
drawn  off  to  the  crystallizing  pans.  These  may  be  of 
boards  lined  with  four-pound  lead,  four  feet  long,  two 
feet  wide,  and  nine  inches  deep.  The  concentrated 
solution  of  the  salt  is  left  in  the  pans  for  two,  three,  or 
four  days,  according  to  the  temperature  of  the  room,  till 
a crop  of  crystals  are  produced ; the  crystals  are  sepa- 
rated and  deposited  in  baskets,  where  they  are  allowed 
to  drain,  and  the  mother  liquor  remaining  is  returned  to 
the  evaporating  pan,  or  it  is  employed  to  dissolve  fresh 
quantities  of  the  crude  salt.  The  crystals  are  washed 
with  cold  water,  to  separate  any  adliering  mother  liquor, 
and  placed  on  shelves  to  dry,  when  they  are  ready  to  be 
packed.  The  washings  may  be  added  to  the  mother 
liquor,  and  used  as  above. 

The  Pharmaceutical  Journal  gives  the  following  mode 
for  the  purification  of  this  salt : — The  acetate  of  soda  is 
dissolved  in  a large  cylindrical  lead  vessel,  heated  by 
shooting  steam  into  it.  When  the  solution  is  completed, 
it  may  be  run  through  a flannel  filter  into  the  top  of  a 
course  of  steamers,  furnished  with  coils  of  three-quar- 
ter inch  lead  pipe.  These  vessels  are  made  of  frur- 
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poimd  sheet-lead,  cased  in  boards;  the  best  size  is 
about  twenty-four  feet  long,  four  feet  wide,  and  nine 
inches  deep.  The  pipe  should  he  coiled  from  one  end 
of  the  pan  to  the  other,  and  should  go  up  and  down 
two  or  three  times.  Too  much  pipe  cannot  he  used,  as 
the  rapidity  of  the  evaporation  depends  upon  the  quan- 
tity employed.  As  the  evaporation  proceeds,  the  liquor 
ought  to  be  siphoned  from  the  top  to  the  second,  and 
afterwards  to  the  third  steamer,  and  thus  room  made 
for  more  bulky  weak  liquor  from  the  dissolving  lead : 
when  a peUicle  appears  on  its  surface,  it  should  be  si- 
phoned off  into  the  crystallizers,  and  allowed  to  rest  for 
two  or  three  days,  when  beautiful  crystals  in  oblique 
rhombic  prisms  are  obtained.  If  very  large  crystals 
are  required,  the  coolers  are  immersed  in  sawdust,  or 
some  other  non-conducting  material,  and  a longer  time  is 
allowed  for  them  to  form.  In  general  cases,  the  amount 
of  acetate  of  soda  obtained  from  one  ton  of  the  lime- 
salt,  ranges  from  twenty  to  twenty -two  hundred-weight, 
but  frequently  a less  quantity  results.  The  impurities 
present  in  acetate  of  soda,  are  sulphate  of  soda  and 
acetate  of  lime ; the  presence  of  the  latter  is  caused 
by  the  imperfect  decomposition  of  the  acetate  of  lime 
by  sulphate  of  soda,  and  of  the  former  by  a too  abundant 
use  of  that  salt  in  decomposing  the  acetate  of  lime. 
The  sulphate  of  soda  is  separated  by  sliimming  off  the 
crystals  of  this  salt,  which  form  before  those  of  the  ace- 
tate of  soda;  but  the  acetate  of  lime  cannot  afterwards 
be  got  rid  of,  and  is  injurious  in  running  the  crystals,  as 
the  workmen  term  it ; that  is,  it  prevents  crystallization. 
The  most  economical  method  for  manufacturing  the 
acetate  of  soda,  would  be  to  neutralize  the  crude  acid 
from  the  distillation  of  wood  with  sulphide  of  sodium ; 
but  the  sulphide  of  hydrogen,  given  off  in  such  enor- 
mous volumes,  is  a paramount  objection  to  this  method. 
In  other  factories,  instead  of  evaporating  the  acetate 
of  soda  to  dryness,  and  subsequently  torrefying  the 
dry  mass,  the  purification  is  effected  by  repeated  crys- 
tallizations and  filtrations  of  the  solution  through  animal 
charcoal,  previously  washed  with  hydrochloric  acid. 

The  solutions  recommended  by  Mitscheelich  for 
this  purpose,  should  have  a density  of  I’llG  for  the 
acetate  of  lime,  and  1'24  for  the  sulphate  of  soda; 
when  they  are  stronger,  the  impurities  do  not  so  readily 
subside. 

ACETATE  OF  THE  PROTOXIDE  OF  TIN.— 
This  salt  is  also  employed  in  calico-printing,  to  give 
light  spirit  colors  to  cloth.  The  process  of  manufacture 
is  nearly  the  same  as  for  the  preceding.  The  pro- 
portions taken  ard,  one  hundred  and  three  parts  of 
crystallized  protochloride  of  tin,  dissolved  in  water,  and 
one  hundred  and  ninety  parts  of  crystallized  acetate 
of  lead.  It  may  likewise  be  prepared  by  dissolv- 
ing protoxide  of  tin,  or  metallic  tin,  in  acetic  acid. 
In  technical  operations,  the  first  method  is  usually  fol- 
lowed. On  evaporating  the  filtered  solution  to  a syrupy 
consistence,  and  adding  alcohol,  the  salt  crystallizes  in 
colorless  transparent  needles,  which  have  a great  ten- 
dency to  oxidize,  if  at  all  exposed  to  the  air. 

Another  recipe  is  to  dissolve  thirty  pounds  of  acetate 
of  lead  in  forty  gallons  of  boiling  water,  and  add  18| 
pounds  of  crystals  of  the  tin  salt ; the  mixture  is  well 
stirred,  allowed  to  settle,  and  the  liquor  filtered  or 


siphoned  off  for  use  into  casks  or  vessels,  protected  as 
much  as  possible  from  contact  with  the  air.  Some 
makers  prefer  to  prepare  the  salt  when  immediately 
wanted  for  use. 

ACETATE  OF  ZINC. — This  salt  may  be  prepared 
by  dissolving  metallic  zinc,  or  oxide  of  zinc,  in  acetic 
acid,  or  by  the  decomposition  of  its  sulphate  by  acetates 
of  lime  or  lead,  similar  to  the  acetate  of  manganese — 
the  decompositions,  in  these  instances,  being  represented 
in  the  annexed  equations : — 

Zn  -j-  C4  Hg  Og,  H 0 — Zn  0,  C4  Hg  Og  -J-  II. 

Zn  0 -I-  C4  Hg  Og,  H 0 = Zn  0,  C4  Hg  Og  -f  HO. 

Zn  0,  S Og  -1-  Pb  0,  C4  Hg  Og  = Zn  0,  C4  Hg  Og  Pb  0,  S Og. 

The  acetate  is  obtained,  in  the  first 
two  instances,  simply  by  evaporation, 
and  in  the  latter,  after  agitating  the 
mixture,  filtering  and  evaporating 
the  menstruum,  the  salt  crystallizes 
in  flexible,  opalescent,  six-sided 
tables — Fig.  35 — which  effloresce 
slightly  in  the  air.  The  composition 
of  the  dry  salt  is — 

Atomic  weight  Per  centage  weight 

1 Eq.  of  oxide  of  zinc, 40-5  44-27 

1 Eq.  of  acetic  acid, 51-0  55-73 

1 Eq.  of  acetate  of  zinc,  ....  91-5 100-00 

Formula : — Zn  0,  C4  Hg  Og. 

According  to  Schindler,  the  crystals  contain  three 
atoms  of  water  when  deposited  from  cold  solutions,  and 
only  one  atom  when  they  are  formed  from  concentrated 
hot  ones.  Technically,  the  best  recipe  is  to  dissolve 
foiu  parts  of  the  sulphate  of  zinc,  and  seven  and  a half 
parts  of  acetate  of  lead,  each  in  three  parts  of  hot  water, 
mixing  the  solutions,  agitating,  and,  after  the  sulphate 
of  lead  has  deposited,  drawing  the  clear  liquid  off  to 
crystallize. 

ALCOHOL. — Alcool,  French;  Alkohol  or  Wdngeist, 
German;  Spiritus  Vini  Alcoholisat.,\jSkim.. — A prepara- 
tion of  antimony  used  to  be  designated  by  this  name 
— the  oriental  females  stiU  use  it  for  painting  their  eye- 
brows. The  appellation  was  afterwards  given  to  other 
fine  powders,  and  to  highly-rectified  spirits. 

There  is  no  evidence  of  the  ancients  being  acquainted 
with  alcohol  or  ardent  spirits ; in  fact,  there  is  every 
reason  to  believe  the  contrary,  and  that  distillation  was 
quite  unknown  to  them.  This  fact  is  more  apparent 
from  the  method  followed  by  Dioscoeides  to  obtain 
quicksilver  from  cinnabar — sulphide  of  mercury:  he 
mixed  the  cinnabar  with  iron  filings,  put  the  mixture 
into  a pot,  to  the  top  of  which  a cover  of  stoneware 
was  luted;  heat  was  applied,  and  when  the  process 
was  terminated,  the  mercury  was  found  adhering  to  the 
side  of  the  cover.  The  children  of  the  nineteenth  cen- 
tury might  well  laugh  at  the  docimastic  notions  of  the 
old  philosopher.  Dioscoeides,  however,  was  not  with- 
out penetration  and  judgment,  but  he  was  unacquainted 
with  the  method  of  adapting  a receiver  to  his  pot, 
otherwise  he  never  would  have  proceeded  as  above 
recounted.  Another  strong  corroboration  of  the  fact, 
that  alcohol  was  unknown  in  former  times  is,  that  nei- 
ther the  poets,  historians,  naturalists,  nor  medical  men. 
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make  the  slightest  allusion  to  ardent  spirits — a circum- 
stance which  would  not  have  happened  had  these 
liquids  been  applied  to  even  a hundredth  part  of  the 
uses  made  of  them  by  the  moderns. 

In  the  strict  chemical  sense,  the  term  alcohol  is  em- 
ployed as  a generic  word  for  a class  of  bodies  belonging 
to  the  same  type,  or  framed  upon  the  same  principle. 
Just  as  salt,  originally  applied  to  chloride  of  sodium,  or 
the  condiment  with  which  we  season  our  food,  is  now 
extended  to  a class  of  bodies  often  destitute  of  savor ; 
as  metal  designates  several  substances  which  do  not  pos- 
sess either  the  malleability,  the  specific  gravity,  or  the 
power  of  resisting  heat,  which  characterized  those  from 
which  the  term  was  borrowed ; or  as  acid  appertains  to 
many  compounds  having  neither  a sour  taste  nor  any 
caustic  properties;  so  alcohol  indicates  a class,  some 
members  of  which,  far  from  being  volatile,  are  not  even 
liquid,  and,  instead  of  igniting  easily,  require  a pretty 
elevated  temperature  for  kindling.  The  following  are 
three  properties  by  which  the  genus  alcohol  may  be 
recognized : — 

1.  When  subjected  to  the  action  of  oxidizing  bodies, 
it  loses  two  atoms  of  hydrogen,  sometimes  replaced  by 
two  of  oxygen,  when  it  is  converted  into  an  acid,  and  in 
other  cases  eliminates  the  same  without  acquiring  oxy- 
gen in  its  stead,  when  it  produces  an  aldehyde. 

2.  Under  the  influence  of  substances  having  a strong 
affinity  for  water,  such  as  sulphuric  acid,  chloride  of 
zinc,  and  phosphoric  acid,  it  has  a strong  tendency  to 
lose  two  equivalents  of  water,  and  to  be  transformed 
into  carbide  of  hydrogen,  or  else  to  split  into  water 
and  ether. 

3.  Exposed  to  the  action  of  chlorine,  aldehydes  are 
formed  from  it,  owing  to  the  abstraction  of  two  atoms 
of  hydrogen. 

In  the  case  of  the  alcohol  produced  from  vinous  fer- 
mentation, which  one  may  call  wine-alcohol,  there  is  a 
body  consisting  of  the  oxide  of  a carbide  of  hydrogen, 
having  the  proportion  of  four  equivalents  of  carbon  to 
five  of  hydrogen,  and  united  to  an  atom  of  water. 

This  compound  may  be  converted  into  acetic  acid  by 
the  abstraction  of  two  equivalents  of  hydrogen,  and  the 
addition  of  two  of  oxygen,  through  the  agency  of  po- 
tassa,  and  also  by  a variety  of  other  bodies. 

The  effect  of  the  decomposition  would  be  as  under : 

Alcohol,  C4  Hg  Og 

Minus, Hj 


Equal, C4  H.  Oo 

Plus, *ol 

Acetic  acid, C4  H4  O4 

and  which,  by  the  continuation  of  the  action  of  the 
potassa,  is  broken  up  into — 

Carbonic  acid, C2  O4  > p rr  n 

And  light  carbide  of  hydrogen,  C.2  H4  j . * 

Acetic  add. 

According  to  Dumas,  this  decomposition  is  occasioned 
by  the  affinity  of  hydrate  of  potassa  for  carbonic  acid, 
inducing,  in  the  first  instance,  the  resolution  of  the 
alcohol  into  that  compound  through  the  decomposition 
of  the  water  of  the  alkali ; hydrogen  is  evolved,  whilst 
its  oxygen  carries  off  the  hydrogen  of  the  alcohol,  thus — 
VOL.  I. 


2{C4Hg02)  + 16  (KO,  HO)  = (KO,  C4H3O3)  + 
Alcohol.  Potassa.  Acetate  of  potassa. 

4 (K  0,002)  + 11  KO  -1-  OHO  + 16  H. 

Carbonate  of  potassa.  Potassa.  Water.  Evolved. 

The  Editor  finds,  that  when  alcohol  and  potassa 
are  left  at  rest  in  a stoppled  bottle  for  some  weeks,  the 
menstruum  acquires  a pinkish  color;  and  when  this 
mixtmre  is  distilled,  acetate  of  potassa  is  found  in  the 
residue.  Is  the  change  owing  to  the  decomposition  of 
the  water,  as  stated  by  Dumas,  or  to  the  absorption  of 
oxygen  from  the  air? 

2(C4H6  02)  -|-5K0-1-70  = K0,  C4  H3  O3 -f  4 (K  0,  C O2) 
-j-  9 H. 

Other  carbides  of  hydrogen,  known  or  supposed  to 
exist,  give  rise  to  similar  combinations  with  oxygen  and 
water,  each  of  which  would  be  regarded  as  the  hydrated 
oxide  of  the  particular  compound  radical ; and  hence 
they,  in  like  maimer,  are  called,  by  analogy,  the  alco- 
hols of  the  bases  to  which  they  are  aUied,  since  they 
possess  the  properties  just  mentioned  as  characteristic 
of  the  class. 

Alcohol  is  one  of  a numerous  class  of  homologous 
bodies  derived  from  carbide  of  hydrogen  radicals,  each 
differing  in  their  composition  by  a definite  number  of 
elements  of  carbon  and  hydrogen.  In  giving  rise  to 
those  bodies,  it  is  found  that  the  same  number  of  equi- 
valents of  oxygen  is  appropriated  by  their  respective 
radicals ; and  from  this  relation  and  their  similarity  in 
properties  and  composition,  alcohol,  as  a general  term, 
has  been  applied  to  the  series:  the  propriety  of  the 
term  will  be  seen  on  comparing  the  formulae  of  a few  of 
them : — 


Radicals. 

Oxides  of  radicals) 
or  others. 

Hydrated 
oxides  of  radicals, 
or  alcohols. 

Methyle, 

Ce  Hg 

Cg  Hg  0 

Cg  Hg  0,  HO 

Ethyle, 

C4  Hg 

C4  Hg  0 

C4  Hg  0,  HO 

Amyle, 

^10  ^11 

^10  Hii  (J 

0,0  Hu  0,  HO 

Propyle, 

Cg  Hj 

Cg  H,  0 

Ug  Hy  0,  11  0 

Ceryle, 

C54Hg5 

CMHggO 

Cg4HggO,  HO 

Various  other  bodies  are  of  a similar  nature,  differing 
only  in  the  ratio  of  one  or  more  equivalents  of  carbide 
of  hydrogen — Cj  H^.  Each  of  these  alcohols  may  be 
converted  into  an  acid  by  the  substitution  of  two  atoms 
of  oxygen  for  two  of  hydrogen.  Thus,  there  can  be 
obtained  from  hydrated  oxide — 

Of  Methyle,  C2  H3  0,  H O,  formic  acid,  C2  H O3,  H 0 ; 

Ethyle,  C4  Hg  0,  H 0,  acetic  acid,  C4  Hg  O3,  H 0 j 

Amyle,  C,g  H,j  0,  H 0,  valerianic  acid,  C,o  Hg  O3,  H 0 ; 

Propile,  Cg  H,  0,  H O,  propylic  acid,  Cg  Hg  O3,  H 0 ; 

Ceryle,  Cg4  Hgg  0,  H 0,  cerotic  acid,  Cgg  Hgg  Og,  H 0 ; 

but  the  contrary  process  has  never  yet  been  effected, 
for  we  know  of  no  method  of  converting  acetic  acid 
into  wine-alcohol  by  replacing  two  equivalents  of 
oxygen  by  two  of  hydrogen,  and  the  same  remark  is 
applicable  to  the  alcohols  related  to  other  carbides  of 
hydrogen. 

As  art  can  unite  carbon  with  oxygen,  but  has  nc 
means  of  effecting  the  disimion  of  the  two  when 
copulated,  which  nature  is  constantly  doing,  so  it  can 
replace  hydrogen  by  oxygen  in  the  alcohols,  but  is,  as 
yet,  incapable  of  achieving  the  converse  process,  by 
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replacing  the  oxygen  of  the  acid  by  an  equivalent  of 
hydrogen. 

In  a general  and  practical  sense,  by  alcohol  is  un- 
derstood the  pure  spirit  obtained  by  distillation  from 
all  liquids  which  have  suffered  the  vinous  fermentation. 
It  is  the  intoxicating  principle  of  all  vinous  and  spiritous 
liquors,  as  wine,  brandy,  whisky,  et  cetera.  Distilled 
from  wine,  it  bears  the  name — spirit  of  wine. 

Alcohol  is  never  produced  except  by  the  vinous  or 
alcoholic  fermentation  of  particular  substances;  and 
after  the  completion  of  such  action,  distillation  of  the 
fermented  body  affords  it  either  in  a concentrated 
or  in  a diluted  state.  By  repeated  rectifications  the 
volatile  spirit  is  procured,  deprived  of  most  of  its 
accompanying  water;  but  mere  distillation,  however 
long  continued  or  often  repeated,  will  not  yield  pure 
alcohol,  that  is,  alcohol  free  from  water — absolute  alco- 
hol. The  reason  is  twofold : alcohol  has  a great  affinity 
for  water,  and  the  distillation  is  insufficient  to  overcome 
this  affinity ; for,  at  the  lowest  temperature  at  which 
the  distillate  is  di'awn  off,  some  aqueous  vapors  rise 
with  the  alcohol,  and  both  are  condensed  simultaneously 
in  the  receiver ; therefore,  whatever  the  heat  may  be, 
the  resulting  alcohol  is  not  anhydrous. 

To  procure  absolute  alcohol  is  a difficult  and  tedious 
operation : spirit  of  mne  is  to  he  distilled  at  a moderate 
heat  from  some  hygrometric  substance,  such  as  anhy- 
drous sulphate  of  copper,  chloride  of  calcium,  or  quick- 
lime. The  best  adapted  for  the  purpose  is  quicklime : 
it  is  reduced  to  coarse  powder,  and  put  into  a retort 
with  the  alcohol,  and  the  whole  mixed  by  agitation; 
the  neck  of  the  retort  is  then  securely  corked,  and  the 
mixture  left  for  several  days,  during  which  period  the 
water  unites  with  the  desiccating  body,  leaving  the 
spirit  anhydrous,  and  which  may  he  distilled  by  the 
heat  of  a water-bath. 

Fig.  35  is  a convenient  apparatus  for  this  purpose. 
A is  a glass  retort ; heat  is  applied  by  the  lamp,  c ; d 


Fig.  35. 


is  the  condenser,  through  which  the  tube  receiving 
the  beak  of  the  retort  passes  to  the  flask,  p.  Cold 
water  from  the  tank,  e,  enters  the  condenser,  d, 
by  the  funnel  tube,  f and  the  heated  water  is  dis- 
charged by  h into  the  vessel,  c.  The  mouth  of  the 
receiver  is  closed  by  a perforated  cork,  to  prevent  the 
access  of  air,  and  the  absorption  of  aqueous  vapors. 
The  dilute  alcohol  and  coarsely-powdered  desiccatuig 
compound,  are  introduced  tlirough  the  stoppered  open- 
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ing,  d,  the  stopper  replaced,  and  the  distillation  earned 
on  at  as  low  a temperature  as  possible — 173°  to  176° 
Fahr.  Eepeated  distillations  with  fresh  portions  of 
lime  or  other  hygroscopic  substance  are  requisite,  in 
order  to  free  the  alcohol  from  the  last  trace  of  water. 

A singular  but  ingenious  mode  of  concentrating 
alcoliol  is  founded  on  the  fact,  that  it  does  not  moisten 
the  animal  tissues,  but  corrugates  and  abstracts  water 
from  them.  This  method  was  first  employed  by  Soem- 
mering to  advantage.  He  used  an  ox  or  a calf-bladder, 
which  was  soaked  for  some  time  in  water,  and  both 
freed  from  the  fat  and  the  attached  vessels.  After  it  is 
again  inflated  and  dried,  it  is  to  be  smeared  over,  the 
outside  twice,  and  the  inside  four  times,  with  a solu- 
tion of  isinglass,  and  then  charged  with  diluted  spirit, 
leaving  a small  space  vacant.  On  exposing  it  to  the 
heat  of  the  sun  in  summer,  or  the  heat  of  a stove, 
the  water  evaporates,  while  the  alcohol  remains.  The 
air-bladders  of  fish  answer  the  purpose  equally  as 
well  as  the  bladders  of  oxen,  and  may,  hke  them,  be 
repeatedly  used  without  injury.  It  is  stated  that,  by 
placing  the  bladders  filled  with  spirits  to  be  concen- 
trated over  a sand-bath,  with  a proper  degree  of  heat 
applied,  absolute  alcohol  may  be  obtained  in  from  six 
to  twelve  hours.  Soemmering  states  he  placed  two 
bladders  of  the  same  size,  having  eight  ounces  of  water 
in  one  and  eight  ounces  of  absolute  alcohol  in  the  other, 
over  a sand-bath,  where  equal  heat  was  communicated 
to  both ; after  the  lapse  of  four  days,  aU  the  water  was 
evaporated,  and  only  one  ounce  of  the  alcohol.  , 

Soemmering’s  process,  although  an  interesting  illus- 
tration of  exosmose,  is  not  practically  applicable  to  the 
production  of  anhydrous  alcohol ; it  is,  however,  an 
economical  method,  and  particularly  applicable  in 
obtaining  alcohol  for  the  preparation  of  varnishes. 
Smugglers  who  bring  spirits  into  France  in  bladders  hid 
about  their  persons,  have  long  known  that  although  the 
liquor  decreased  in  bulk,  yet  it  increased  in  strength ; 
hence  the  people  prefer  the  article  conveyed  clandes- 
tinely. 

Treating  of  the  above,  Donovan  says  he  has  never 
been  able  to  obtain  these  results  to  tlie  extent  specified, 
nor,  indeed,  at  all.  He  made  the  experiment  on  alcohol 
of  varied  strengths,  with  small  and  large  bladders,  with 
thick  ones  and  thin  ones ; a diminution  of  strength  was 
the  invariable  result,  unless  the  spirit  was  very  weak ; 
whenever  an  increase  of  strength  did  happen,  it  was 
extremely  trivial. 

Graham  has  ingeniously  proposed  to  concentrate 
alcohol  as  follows : — A large  shallow  basin  is  covered, 
to  a small  depth,  with  recently-burned  hme,  in  coarse 
powder,  and  a smaller  basin,  containing  three  or  four 
ounces  of  commercial  alcohol,  is  made  to  rest  upon  the 
lime ; the  whole  is  placed  under  the  low  receiver  of 
an  air-pump,  and  the  exhaustion  continued  till  the 
alcohol  evinces  signs  of  ebullition.  Of  the  mingled 
vapors  of  alcohol  and  water  which  now  fill  the  receiver, 
the  quicklime  is  capable  of  uniting  with  the  aqueous 
only,  which  are,  therefore,  rapidly  withdrawn,  while 
the  alcohol  vapor  is  unaffected ; and  as  water  cannot 
remain  in  the  alcohol  as  long  as  the  superincumbent 
atmosphere  is  devoid  of  moisture,  more  aqueous  vapor 
rises,  which  is  likewise  abstracted  by  the  lime,  and 
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thus  the  process  goes  on  till  the  whole  of  the  water 

ployed,  if  the  process  be  arrested  when  half  the  quantity 

in  the  alcohol  is  removed.  Several  days  are  always 

of  spirit  has  accumulated  in  the  receiver. 

required  for  this  purpose,  and  in  winter  a longer  time 

Drinkwater,  in  his  investigation  on  the  preparation 

than  in  summer.  On  submitting  alcohol  of  spec.  grav. 

of  absolute  alcohol  and  the  composition  of  proof 

0’827  to  dehydration  by  this  method,  the  following  are 

spirit,  procured  alcohol  of  the  lowest  specific  gravity 

the  notes  of  the  decreasing  specific  gravity  after  every 

hitherto  obtained.  The  mode  of  procedure  was  as  fol- 

twenty-four  hours : — 

lows : — Carbonate  of  potassa  was  exposed  to  a red  heat, 
to  deprive  it  of  water,  and,  when  sufficiently  cool,  was 

When  the  liquid  was  introduced,  the  density  was  0-827 
Density  after  twenty-four  hours’  exposure  to  the 

action  of  the  caustic  lime,  0'817 

pulverized  and  added  to  ordinary  alcohol,  of  spec, 
grav.  -850,  at  60°  Fahr.,  till  it  ceased  to  dissolve  any 

Do.  after  second  twenty-four  hours,  0-808 

more ; the  menstruum  was  then  allowed  to  digest  twenty- 

Do.  after  third  do.  0-802 

Do.  after  fourth  do  0*798 

four  hours,  being  frequently  agitated,  and  the  alcohol 

Do.  after  fifth  do.  0-796 

carefully  separated  by  decantation.  As  much  fresh- 
burned  quicklime  as  was  considered  sufficient,  when 

The  longer  time  required  for  the  concentration  of  the 
spirit  in  the  winter  season  is  seen  from  the  following 
table,  where  the  liquid,  before  enclosing  it  under  the 
air-pump  with  the  hme,  had  a spec.  grav.  0-825 : — 

powdered,  to  absorb  the  whole  of  the  alcohol,  was 
introduced  into  a retort,  and  the  alcohol  added  to  it ; 
after  digesting  forty-eight  hours,  it  was  slowly  dis- 
tilled in  a water-bath  at  a temperature  of  about  180° 
Fahr. 

The  alcohol  thus  obtained  was  carefully  redistilled. 

On  determining  the  specific  gravity  after  twenty- 

four  hours,  the  result  was 0-817 

Do.  after  the  second  twenty-four  hours, ....  0-809 

and  its  specific  gravity,  at  60°  Fahr.,  was  found,  in 

Do.  after  the  third  do.  ....  0-804 

two  experiments,  to  be  -7946  and  -7947 ; agreeing  very 

Do.  after  the  fourth  do.  0-799 

nearly  with  the  determination  of  Eudberg,  which  has 

Do.  after  the  sixth  do.  ....  0-796 

been  adopted  by  Gay-Lussac  and  others,  videlicet, 
•7947,  at  59°  Fahr.  With  a view,  however,  to  discover 

Quicklime  possesses  the  property  of  uniting  with  a 

whether  it  was  possible,  by  means  of  lime,  to  abstract 

portion  of  alcohol  vapor,  and  for  this  reason  should  not 

any  more  water  from  the  alcohol,  the  retort  was  again 

be  used  in  great  excess.  Graham  found,  that  when 

filled  with  fresh-burned  and  pulverized  quicklime,  and 

four  ounces  of  ordinary  alcohol  were  exposed  to  the 

the  same  alcohol  mixed  with  it ; the  mixture  was  then 

action  of  the  lime,  imder  the  bell-jar  of  the  air-pump. 

allowed  to  digest  a whole  week,  at  the  ordinary  tern- 

one-sixth  of  the  alcohol  was  lost,  on  account  of  the 

perature  of  the  laboratory — about  60°  Fahr. 

absorption  by  the  quicklime.  Hence  the  quantity  of 

After  this  lapse  of  time,  the  alcohol  was  distilled  off 

lime  used  should  never  exceed  three  times  the  weight 

as  before,  and  the  distfilate  submitted  to  a second 

of  the  alcohol,  otherwise  the  loss  of  alcohol  will  be- 

operation,  which  was  conducted  very  slowly  at  first — 

come  appreciable;  the  lime  should  be  spread  to  as 

at  the  rate  of  about  one  drop  in  ten  seconds,  the  heat 

great  an  extent  within  the  receiver  as  possible,  that  a 

of  the  water-bath  being  165°  Fahr.  Distillation  was 

larger  absorbing  surface  may  be  presented  to  the  vapor. 

continued  tUl  about  the  one-twentieth  of  the  whole  had 

This  process  could  be  advantageously  employed  in  con- 
centrating alcohol  on  the  large  scale,  by  taking  an  air- 
tight box,  of  any  suitable  size,  provided  with  a number 
of  shelves,  on  which  powdered  quicklime  might  be 
strewn,  and  the  alcohol,  contained  in  a number  of 
basins,  placed  upon  it.  The  apparatus  might  be  suiB- 

passed  over,  the  object  being  to  allow  any  minute 
quantity  of  water  which  the  alcohol  might  stiU  retain, 
to  evaporate  or  diffuse  itself  into  the  atmosphere  of 
absolute  alcohol  above  it ; the  process  was  then  con- 
tinued rapidly,  the  heat  of  the  bath  being  increased  to 
180°  Fahr.,  till  about  one-twentieth  more  had  passed 

ciently  exhausted  by  a syringe,  as  a complete  vacuum 

over;  the  receiver  was  then  changed,  and  the  latter 

is  not  required.  Besides  these  little  attentions,  nothing 

portions  slowly  eliminated.  The  specific  gravity  of 

further  would  be  requisite  than  to  open  the  box  at  the 

the  alcohol,  taken  twice,  was  ’7944,  at  60°  Fahr.  As 

termination  of  a week  or  ten  days,  and  examine  whether 

a further  test  of  its  purity,  it  was  divided  into  two 

the  alcohol  had  attained  the  proper  density. 

equal  parts;  one  part  was  again  digested  on  quick- 

Alcohol  may  be  concentrated  by  exposing  it  with 

lime,  and  the  other  on  sulphate  of  copper  deprived  of 

lime  in  a close  vessel,  but  it  requires  a considerably 

water  by  heat,  the  method  of  operation  being  as  fol- 

longer  time;  it  cannot  be  concentrated  over  strong 

lows : — 

sulphimic  acid,  for  this  acid  absorbs  alcohol  vapor 

Firstly;  Some  lumps  of  freshly-burned  quicklime  were 

with  the  same  affinity  with  which  it  unites  with  water. 

heated  to  a red  heat,  and  quicldy  pulverized  and  intro- 

and  the  heat  produced  is  very  great:  a temperature 

duced  into  the  tin  boiler  of  a small  still,  which  was 

of  500°  to  600°  Fahr.  is  not  capable  of  eliminating  the 

partly  immersed  in  water,  to  prevent  the  melting  of  the 

whole  of  the  spirit  from  the  mixture.  Sulphuric  acid 

solder.  This  vessel  was  completely  filled  with  quick- 

diluted  with  water  loses  its  property  of  absorbing  alco- 

lime,  and  kept  corked  tiU  sufficiently  cool,  when  the 

hoi  vapor.  Chloride  of  calcium  is  not  well  adapted  for 

alcohol  was  added ; but  it  being  comparatively  small  in 

concentrating  alcohol,  on  account  of  the  affinity  exist- 

quantity,  the  lime  appeared  perfectly  dry : the  vessel 

ing  between  these  two  bodies : when  they  are  submitted 

was  then  closely  corked. 

to  distillation,  the  aqueous  vapor  absorbed  by  the 

Secondly : A quantity  of  sulphate  of  copper  was  ex- 

chloride  of  calcium  goes  over  mth  the  last  portions  of 

posed  to  a red  heat,  to  deprive  it  of  all  water ; it  was 

the  alcohol;  it  can,  however,  be  advantageously  em- 

then  very  quickly  ground  and  thrown  into  a small  tin 
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cucurbit,  and  when  cold,  the  alcohol — ^insufiScient  to 
cover  it — was  added,  and  the  vessel  tightly  corked. 

These  vessels,  with  their  contents,  were  kept  at  the 
ordinary  temperature  of  the  laboratory  for  four  days ; 
they  were  then  partially  immersed  in  a water-bath,  and 
kept  at  a temperature  of  about  150°  Fahr.,  for  forty- 
eight  hours,  after  which  the  alcohol  was  distilled  and 
redistnied  with  all  the  precautions. before  mentioned; 
the  temperature  of  the  water-hath,  on  the  redistillation, 
never  exceeded  172°  Fahr.,  and  the  first  tenth  part  was 
put  aside  in  each  case  as  possibly  impure.  Subjoined 
are  the  specific  gravities  of  the  alcohol  thus  obtained : 

. Alcohol  distilled  tirom  Alcohol  distilled  from 

the  diy  cuprosulphate.  the  quicklime. 

I., 0-79470  0-79409 

II.,  0-79472  0-79412 

These  experiments  prove  that  anhydrous  sulphate  of 
copper  is  not  so  effective  as  quicklime  for  removing 
the  last  traces  of  water  from  alcohol.  It  was,  however, 
generally  observed,  that  the  specific  gravity  of  the 
alcohol  gradually  increased,  probably  from  its  hygro- 
metric  property,  by  which  it  absorbed  a minute  quan- 
tity of  moisture  from  the  air  on  being  transferred  from 
one  bottle  to  another ; and  thinking,  consequently,  that 
a small  quantity  of  moisture  might  have  been  abstracted 
from  the  atmosphere  during  the  distillation — which  was 
conducted  in  the  usual  way — and  the  specific  gravity 
thus  slightly  increased,  the  operator  considered  it  desir- 
able to  make  another  experiment,  in  which  this  source 
of  error  should  be  guarded  against,  by  conducting  the 
distillation,  as  much  as  possible,  out  of  contact  with  the 
external  air,  and,  with  that  view,  proceeded  as  follows : 
— The  different  portions  of  alcohol  before  obtained  were 
mixed  together,  when  the  specific  gravity  was  found  to 
be  0-7947 ; this  alcohol  was  again  digested  at  a tem- 
perature of  about  150°  Falir.  for  fourteen  days  with 
quicklime  previously  heated  to  redness,  as  in  the  former 
experiment ; it  was  then  slowly  distilled,  out  of  contact 
with  the  external  atmosphere,  by  means  of  a tube  which 
passed  from  the  condenser  through  a cork  into  the  bottle 
in  which  it  was  to  remain — the  temperature  at  which 
it  was  distilled  being  175° — and  the  first  tenth  part  was 
put  aside  as  possibly  containing  a mhiute  quantity  of 
water ; the  remainder  was  then  distilled  off  at  178°  to 
180°  Fahr.  This  alcohol  was  quickly  transferred  to  a 
dry  retort,  and  redistilled  in  a simUar  way,  at  a water- 
bath  heat  of  172° ; the  first  tenth  part  was  set  aside, 
and  the  remainder  kept  as  pure  anhydrous  alcohol,  or 
as  free  from  water  as  it  is  possible  to  obtain  it  by  this 
process.  The  specific  gravity  was  taken  the  next  day 
with  all  the  precautions  before  mentioned,  the  alcohol 
bemg  also  kept,  during  the  time  of  transference,  as 
much  as  possible  out  of  contact  with  the  air,  when  the 
results  of  four  trials  were  as  annexed : — 

Temp,  of  room,  60°  Fahr.  Barometer,  29-810  inches. 

I., -793836 

II., 793806 

III. , -793798 

IV. , -793804 

Mean, -793811 

A portion  of  this  alcohol  was  subsequently  digested 
with  quicklime  for  three  months,  it  was  then  distilled. 

and  its  specific  gravity  was  found  to  be  exactly  the 
same  as  before.  Hence  one  may  conclude,  with  toler- 
able certainty,  that  0*79381  expresses  the  specific  gra- 
vity of  absolute  alcohol  at  60°  Fahr. 

A very  excellent  method  for  the  preparation  of  pure 
alcohol  is  recommended  by  Poggendorff. — Dis- 
solve as  much  potassa  in  alcohol  as  it  will  take  up, 
then  add  half  its  volume  of  water,  and  distil  at  a low 
temperature;  a perfectly  pure  product  is  the  result. 
On  account  of  the  high  price  of  caustic  potassa,  this 
method  cannot  be  applied  on  the  large  scale;  but 
when  a small  quanti^  only  is  required  for  laboratory 
purposes,  it  is  the  surest  way  to  obtain  a perfectly  pure 
product. 

Properties  of  Alcohol.  — Pure  anhydrous,  or 
absolute  alcohol,  is  a limpid  colorless  liquid,  of  a gi-eater 
fluidity  than  water,  having  a penetrating  but  agreeable 
odor,  and  a hot  pungent  taste,  owing  to  its  abstracting 
water  from  the  tissue  of  the  tongue.  The  great  afimity 
of  alcohol  for  water  is  the  cause  of  its  poisonous  action 
on  the  system,  since  it  destroys  the  vital  functions  of  the 
tissues  by  abstracting  their  constitutional  moisture  with 
avidity;  these  violent  effects  are  not  produced  when 
alcohol,  in  a diluted  state,  is  taken  in  small  quantities 
— only  a pleasant  hilarity  follows,  though  larger  draughts 
are  succeeded  by  stupor  and  intoxication.  It  is  a 
powerful  stimulant  and  antiseptic.  At  moderate  tem- 
peratures, neither  atmospheric  air  nor  oxygen  gas  has 
the  slightest  action  upon  alcohol,  whether  in  the  liquid 
or  gaseous  form ; but  at  elevated  temperatures  the  case 
is  different.  Alcohol,  when  anhydrous,  bums  with  a 
whitish  flame,  wliich  deposits  carbon  on  a cold  surface 
held  in  it;  the  flame  is  quite  blue  when  it  is  mixed 
with  water,  and  no  deposit  of  carbon  is  formed.  In 
the  combustion  of  alcohol,  very  httle  light  is  emitted, 
but  intense  heat  is  given  off : Boerhaave  first  showed, 
that  when  the  vapor  which  escapes  during  the  com- 
bustion is  collected  in  proper  vessels,  it  is  no  other  than 
water.  If  alcohol  be  burned  by  a wick  surrounded  by 
a spiral  of  platinum  wire,  and  the  flame  be  suddenly 
extinguished,  the  platinum  wire  continues  to  incandesce 
— a phenomenon  caused  by  the  imperfect  combustion  of 
the  alcoholic  vapors ; aldehydic  acid  is  formed,  a body 
possessing  a pungent  and  disagreeable  smell.  Platinum 
black  moistened  with  alcohol,  becomes  incandescent, 
but  if  much  alcohol  is  added,  so  as  to  prevent  the  ele- 
vation of  the  temperature,  oxygen  is  absorbed,  and 
the  alcohol  is  converted  into  aldehyde,  et  cetera. 
Alcohol  is  exceedingly  volatile : if  a few  drops  be 
introduced  into  a jar  of  oxygen  gas,  it  is  readily  con 
verted  into  vapor,  and  a very  explosive  mixture  is 
produced.  When  one  volume  of  alcoholic  vapor  and 
three  of  oxygen  are  mixed,  and  ignited  by  the  electric 
spark,  a violent  explosion  ensues,  and  two  volumes  of 
carbonic  acid  and  three  volumes  of  aqueous  vapor  are 
formed. 

Alcohol  requires  an  Intense  cold  to  effect  its  freezing. 
Dr.  Mitchell,  of  Philadelphia,  who,  by  evaporation 
of  solid  carbonic  acid  and  ether,  in  vacuo,  has  produced 
very  great  cold,  found  that  alcohol  of  spec.  grav.  0"798 
became  oily  and  adhesive  at  — 130° ; by  a greater  cold 
it  became  still  thicker,  and  at  — 146°  it  flowed  like 
melted  wax.  Alcohol  of  spec.  grav.  0-820  froze  easily. 
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Faraday  exposed  alcohol  to  a temperature  of  166° 
Fahr.  below  zero ; it  thickened,  but  did  not  congeal. 
Hence  the  great  use  of  spirit  thermometers  when  a 
very  low  temperature  is  required  to  he  noted.  Lowig, 
however,  recently  stated,  that  anhydrous  alcohol  con- 
geals at  a temperature  of  144'5°  Fahr.  below  zero,  in 
opposition  to  the  above  statement  of  Faraday.  The 
specific  gravity  of  absolute  alcohol  is  given  in  most  che- 
mical works  as  0’7949;  hut  from  Drinkwater’s  ex- 
periments, before  alluded  to,  and  which  were  conducted 
with  every  precaution,  the  spec.  grav.  is  0’793811 ; it 
boils  at  173°,- at  a barometric  pressure  of  29’5  inches. 
It  has  a powerful  affinity  for  water ; hence  the  neces- 
sity of  keeping  it  in  ground  stoppled  bottles  to  pre- 
serve it  anhydrous.  When  mixed  with  water,  much 
heat  is  produced,  and  a diminution  in  volume  takes 
place.  This  is  illustrated  by  the  annexed  woodcut — 
Fig.  36 — which  consists  of  a long  tube  of  glass,  fur- 
nished with  two  bulbs  on  the  upper  part,  and  having 
the  elongated  neck  of  the  higher  bulb  closed  perfectly 
with  a grormd  glass  stopple.  The  tube  and 
Fig. 36.  lower  bulb  are  filled  with  distilled  water; 

when  this  is  effected,  alcohol  is  poured  in  till 
the  upper  bulb  is  filled ; the  stopper  is  next 
replaced,  and  the  tube  gently  inverted.  The 
two  liquids  now  combine,  and  an  empty  space 
is  visible,  which,  before  combination,  was  com- 
pletely filled.  The  space  unoccupied  shows 
the  amount  of  contraction  in  buUc  which 
has  arisen  from  the  combination  of  the  alco- 
hol and  water ; an  elevation  of  temperature 
also  takes  place,  in  consequence  of  the  che- 
mical combination  and  the  diminished  spe- 
cific gravity  of  the  mixture.  Thus,  equal 
measures  of  alcohol,  of  spec.  grav.  0"825, 
and  water,  each  at  50°  Fahr.,  afford,  when 
suddenly  mixed,  a temperature  of  70° ; and 
a mixture  of  equal  parts  of  proof  sphit  and 
water,  at  50°,  give,  under  the  like  circum- 
stances, a mixture  having  a temperature  of 
60°  Fahr.  If  alcohol  and  ice  are  mixed,  the 
temperature  is  considerably  lowered.  Abso- 
lute alcohol,  with  a little  more  ice  than  it  will 
dissolve,  reduces  the  temperature  as  low  as 
— 35°  Fahr.  Spirit  of  wine,  of  spec.  grav.  0'86,  and 
61°  temperature,  mixed  with  snow  at  32°,  is  cooled 
down  to  — 14°  Fahr.  The  contraction  arising  from  the 
admixture  of  alcohol  and  water,  increases  regularly  till 
the  liquid  consists  of  one  atom  of  alcohol  and  three 
atoms  of  water,  or,  by  weight,  of  100  parts  of  aleohol 
to  116’24  parts  of  water.  One  hundred  volumes  of 
this  mixture,  at  59°  Fahr.,  is  composed  of  53’94  vol- 
umes of  anhydrous  alcohol,  and  49 ’84  volumes  of  water ; 
hence  the  contraction  is  3'78  volumes,  and  the  specific 
gravity  of  the  mixture  is  0'927  at  59°. 

Tjullaye  shows  that  the  mixture,  when  water  is 
present  in  excess,  or  beyond  a certain  limit,  expands 
sensibly;  besides,  his  experiments  prove,  that  when 
three  volumes  of  alcohol,  of  spec.  grav.  0‘954,  are 
mixed  with  seven  of  water,  the  mixed  solution  has  a 
spee.  grav.  of  0’9850,  whereas  the  calculated  specific 
gravity  shoidd  be  0'9863,  thus  indicating  a decrease 
of  gravity  and  a corresponding  increase  of  volume. 


amounting  to  '0013.  This  expansion,  however,  is  only 
apparent,  on  account  of  the  heat  which  is  generated ; 
but  if  the  mixture  were  made  of  absolute  alcohol  and 
water  till  the  speeific  gravity  became  0'985,  instead 
of  an  expansion,  a contraction  of  0'007  would  bo 
observed. 

The  following  table,  from  the  calculation  of  Gay- 
Lussac’s  experiments  by  Rudberg,  shows  the  con- 
traction of  every  decreasing  five  per  cent,  in  the  content 
of  alcohol : — 


Per  cent., 
in  volume,  of 
absolute  alcohol 
in  100  volumes 
of  mixture  at  69'^. 

Contraction,  in  per 
cent.,  of  the  volume 
of  the  mixture. 

Per  cent, 
in  volume,  of 
absolute  alcohol 
in  100  volumes 
of  mixture  at  59’=’. 

Contraction,  in  per 
cent,  of  the  volume 
of  the  mixture. 

100 

0-00 

50 

3-74 

95 

I-I8 

45 

3-64 

90 

1-94 

40 

3-44 

85 

2-47 

35 

3-14 

80 

2-87 

30 

2-72 

75 

3-19 

25 

2-24 

70 

3-44 

20 

1-72 

65 

3-61 

15 

1-20 

60 

3-73 

10 

0-72 

55 

3-77 

5 

0-31 

From  this  table  it  will  be  observed,  that  the  con- 
traetion  is  the  same  with  mixtures  containing  different 
amounts  of  alcohol ; for  example,  with  the  mixture  con- 
taining seventy  per  cent,  of  alcohol  and  that  contain- 
ing forty  per  cent,  the  contraction  is  3'44.  The  reason 
is  evident : the  contraction  increases  to  a certain  point, 
and  then  decreases  as  the  proportion  of  absolute  alcohol 
lessens,  giving  to  the  intermediate  mixtures,  between 
the  maximum  and  minimum  points,  a corresponding 
degree. 

The  volatihty  of  alcohol  is  generally  affected  by 
admixture  with  water,  as  well  as  its  specific  gravity 
and  expansive  force.  Tralles  found,  that  small 
quantities  of  water  mixed  with  aleohol  do  not  sensibly 
raise  the  boiling  point  of  the  hquor  beyond  that  of  pure 
aleohol,  and  Soemmering  has  shown  that  a mixture  of 
alcohol  with  about  three  per  cent,  of  water  has  greater 
volatility  than  absolute  aleohol,  and  that  a spiritous 
liquor  compounded  of  ninety-four  per  cent,  of  absolute 
alcohol  and  six  of  water,  possesses  the  .same  volatility 
as  alcohol  of  0'7947.  Further,  according  to  Soem- 
mering, when  alcohol  of  0'7947  density  is  mixed 
with  water  till  the  specific  gravity  becomes  0'8,  and 
distilled,  those  portions  which  first  pass  off  are  satu- 
rated with  water,  and  the  alcohofic  solution  in  the  retort 
becomes  richer,  till,  in  the  end,  absolute  alcohol  passes 
over ; on  the  contrary,  when  the  mixture  contains  over 
six  per  cent,  of  water,  the  first  portions  of  the  distillate 
are  richest  in  alcohol,  and  afterwards  they  become 
weaker  to  the  end  of  the  operation — the  temperature 
also  rises  as  the  alcohol  is  expelled,  gradually  ap- 
proaching to  that  of  boiling  water,  and  actually  attain- 
ing that  point  at  the  close  of  the  process,  when  all  the 
spirit  is  driven  over. 

Taking  advantage  of  this  property,  an  attempt  has 
been  made  to  give  the  strength  of  various  mixtures  of 
alcohol  and  water,  by  ascertaining  the  temperature  of 
the  vapor,  for  which  purpose  Groening  has  constructed 
the  following  table.  It  consists  of  three  columns : tho 
first  shows  the  temperature ; the  second,  the  quantity  ol 
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alcohol  in  the  boiling  solution ; and  the  third,  the  quan- 
tity of  alcohol  in  the  vapor  evolved : — 


Temp. 

Per  cent,  of 
alcohol  in  the 
boiling  liquid 
in  the  retort 

Per  cent 
of  alcohol  in 
the 

distillate. 

Temp. 

Per  cent  of 
alcohol  in  the 
boiling  liquid 
in  the  retort 

Per  cent, 
of  alcohol  in 
the 

distillate. 

171° 

92 

93 

189-5° 

20 

71 

158-9 

90 

92 

191-8 

18 

68 

172 

85 

91-5 

194 

15 

66 

172-7 

80 

90-5 

196-3 

12 

61 

173-8 

75 

90 

198-5 

10 

55 

175-1 

70 

89 

200-8 

7 

50 

176 

65 

87 

203 

5 

42 

178-3 

50 

85 

205-3 

3 

36 

180-5 

40 

82 

207-5 

2 

28 

182-8 

35 

80 

209-8 

1 

13 

185 

30 

78 

212 

0 

0 

187-3 

25 

76 

The  elastic  force  of  alcohol- vapor  is  very  great ; the 
following  table,  showing  the  elastic  force  from  32°  Falir. 
to  264°,  is  given  in  the  Philosophical  Transactions  for 
1818.  The  specific  gravity  of  the  alcohol  was  0‘813. 


Temp. 

Force 
of  vapor. 

Temp. 

Force 
of  vapor. 

Temp. 

Force 
oi  vapor. 

32° 

0-40 

135° 

12-15 

216° 

72-20 

40 

0-56 

140 

13-90 

220 

78-50 

45 

0-70 

145 

15-95 

225 

87-50 

50 

0-86 

150 

18-00 

230 

94-10 

55 

1-00 

155 

20-30 

232 

97-10 

60 

1-23 

160 

22-60 

236 

103-60 

65 

1-49 

165 

25-40 

238 

109-90 

70 

1-76 

170 

28-30 

240 

111-24 

75 

2-10 

173 

30-00 

244 

118-20 

80 

2-45 

178-3 

33-50 

247 

122-10 

85 

2-93 

180 

34-73 

248 

126-10 

90 

3-40 

182-3 

36-40 

249-7 

131-40 

95 

3-90 

185-3 

39-90 

250 

132-30 

100 

4-50 

190 

43-20 

252 

138-60 

105 

5-20 

193-3 

46-60 

254-3 

143-70 

110 

6-00 

196-3 

50-10 

258-6 

151-60 

115 

7-10 

200 

53-00 

260 

155-20 

120 

8-10 

206 

60-10 

262 

102-40 

125 

9-25 

210 

65-00 

264 

166-10 

130 

10-60 

214 

69-30 

The  expansion  of  alcohol  by  heat  is  not  uniform ; a 
thousand  measures,  spec.  grav.  0'817,  become  one  thou- 
sand and  seventy-nine  when  heated  from  50°  to  170° 
Fahr.  At  a medium  temperature  the  expansion  is  a little 
below  the  true  mean ; but  with  the  state  of  dilution  of 
the  alcohol  this  difference  between  both  ends  of  the 
scale  becomes  more  marked.  The  greatest  uniformity 
of  expansion  is  between  — 14°  and  -|-  98°,  being  about 
0‘00047  of  its  volume  for  every  degree.  The  contrac- 
tion of  alcohol  from  its  boiling  point,  173°  Fahr.,  has 
been  investigated  by  Gay-Lussac,  who  gives  the  con- 
densation of  one  thousand  volumes  in  every  9°  Fahr.,  or 
5°  C.,  from  the  boiling  point  of  the  liquid. 


Temperature. 

Volume  of 
alcohoL 

Temperature. 

Volume  of 
alcohol. 

Centigrade.j  Fahrenheit 

Centigrrade. 

Fahrenheit 

74-14° 

173° 

1000-0 

38-4° 

101° 

954-3 

73-4 

164 

994-4 

33-4 

92 

949-1 

68-4 

155 

988-6 

28-4 

83 

944-0 

63-4 

146 

982-5 

23-4 

74 

939-0 

58-4 

137 

975-7 

• 18-4 

65 

934-0 

53-4 

128 

970-8 

13-4 

56 

929-3 

48-4 

119 

965-3 

8-4 

47 

924-5 

43-4 

110 

969-7 

3-4 

38 

919-9 

Propekties. 


One  volume  of  alcohol  yields  488-3  volumes  of  vapor 
at  212°  Fahr. ; compared  with  water  at  the  same  tem- 
perature, the  volume  of  alcoholic  vapor  is  greater  in  the 
ratio  of  3-14  to  1‘00.  The  specific  gravity  of  the  vapor 
of  absolute  alcohol,  taking  air  as  unity,  was  found  by 
Gay-Lussac  to  be  1-6133.  On  tlie  assumption  that 
it  is  composed  of  one  volume  of  aqueous  vapor  and  one 
volume  of  olefiant  gas  condensed  into  one  volume  of 
vapor  of  alcohol,  the  density  by  calculation  would  be 
1-6070;  Berzelius,  however,  gives  the  density  at 
1-6004.  According  to  Despretz,  the  latent  heat  of 
the  vapor,  on  being  compared  with  that  of  water,  is  as 
332  to  351. 

Alcohol  vapor,  when  transmitted  through  a red-hot 
tube,  is  decomposed : Saussure  found  that,  on  passing 
it  slowly  through  a porcelain  tube  heated  to  redness, 
a little  carbon  was  deposited  on  the  interior  of  the 
tube,  together  with  a volatile  crystalline  substance — 
naphthaline  — and  a brown  empyreumatic  oil;  the 
gaseous  products  were  carbide  of  hydrogen,  carbonic 
oxide,  and  hydrogen.  M.  Berthelot  passed  alcohol 
vapor  through  a porcelain  tube  filled  with  pumice,  and 
heated  to  redness.  He  obtained  carbon,  carbides  of 
hydrogen,  aldehyde,  naphthaline,  benzine,  phenic  acid, 
et  cetera. 

The  analysis  of  alcohol  by  Saussure,  Dumas,  and 
others,  shows  that  it  consists  of — 


Atomic  w “ight 

Per  cent. 

4 Eqs.  of  carbon, 

6 Eqs.  of  hydrogen, 

24 

. 52-18 

6 

. 13-04 

2 Eqs.  of  oxygen, 

16  

. 34-78 

46 

100-00 

Formula:— C4  Hg  Og  = C4  Hg  0,  H 0. 

This  formula  of  alcohol  is  confirmed  by  the  composi- 
tion and  density  of  its  vapor,  as  calculated  from  the 
density  of  the  above  constituents,  videlicet — 


Density. 

8 Volumes  of  carbon  vapor, 3-372 

12  Volumes  of  hydrogen  vapor, 0-825 

2 Volumes  of  oxygen  vapor, 2-205 


Equal  four  volumes  of  alcohol  vapor,. . . 4)  6-402 


Density  of  vapor  of  alcohol 1-6005 


Alcohol  possesses  the  property  of  absorbing  gases 
even  in  a higher  degree  than  water.  Considerable 
experiments  had  been  instituted  by  Saussure  on  this 
subject,  from  whose  results  the  following  table  has  been 
formed : — 


There  is  absorbed  at  61*1®,  ol 

By  1 volume 
air-free  water. 

By  1 volume 
air-free  alcohoL 
sp.  gr.  0‘ti4. 

Volumes. 

43-78 
2-53 
1-06 
0-76 
0-155 
0-065 
0-062 
0 046 
0-042 

Volumes. 

115-77 

6-06 

1-86 

1-53 

1-27 

0-1625 

0-145 

0-051 

0-042 

Sulphide  of  hydrogen, 

About  sixty-eight  volumes  of  hydrochloric  acid  gas 
are  absorbed  by  alcohol,  as  also  binoxide  of  nitrogen, 
nitric  oxide,  and  cyanogen  in  considerable  quantities. 
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Most  of  these  gases  are  evolved  when  the  saturated 
spirit  is  boiled  or  exposed  to  tlie  air,  while  others,  such 
as  hydrochloric  acid  gas,  nitrous  acid,  et  cetera.,  decom- 
pose the  liquid. 

Alcohol  is  one  of  the  best  solvents  which  the  chemist 
possesses,  hut  by  dilution  with  water  this  property  is 
much  diminished.  Sulphur  is  dissolved  by  it  in  the 
heat ; but  is  deposited  again  in  small  crystals  as  the  so- 
lution cools.  An  alcoholic  solution  of  sulphur  becomes 
turbid  when  diluted  with  water,  and  evolves  a peculiar 
hepatic  odor;  and,  like  aU  soluble  sulphides,  precipi- 
tates metals  from  the  solution  of  their  oxides  in  acids, 
as  sulphides.  Phosphorus  is  also  dissolved  by  alco- 
hol, for  which  Buchner  states  that  three  hundred  and 
twenty  parts  of  cold,  and  two  hundred  and  forty  parts 
of  hot  alcohol  are  required.  From  the  latter  solution, 
one-fourth  of  the  quantity  of  phosphorus  deposits  as 
it  cools. 

Chlorine  and  bromine  decompose  alcohol,  giving  rise 
to  chloral  and  bromal,  and  hydrocldoric  and  hydro- 
bromic  acid.  Iodine  is  dissolved  by  alcohol,  and  forms 
a brown  colored  solution ; if  hot  alcohol  be  employed, 
the  iodine  is  deposited  in  crystals  after  some  time,  and 
hydriodic  acid  is  formed  in  the  liquid.  If  to  a solution 
of  iodine  in  alcohol,  potassa-alcohol  be  added  tiU  the 
menstruum  becomes  colorless,  iodide  of  potassium  and 
iodoform  are  synchronously  produced,  as  expressed  in 
the  subjoined  equation : — 

+ 41  + KO  -f  Oe 

AlcuUoL  Iodine. 

Equal — 

C2I1I3  4-  2 CO*  + Ki  + 5 no. 

Iodoform.  Iodide  of  potassium. 

By  a corresponding  decomposition,  when  distilled 
with  hypochlorite  of  lime,  or  bleaching  powder,  it  gives 
chloroform.  Concentrated  chloric,  bromic,  and  nitric 
acids  react  violently  upon  alcohol,  giving  rise  to  acetic 
acid  and  a number  of  other  bodies.  This  reaction  is 
sometimes  so  energetic  as  to  cause  combustion.  A 
mixture  of  very  weak  sulphuric  acid  and  peroxide  of 
manganese,  when  distilled  with  spirit  of  wine,  affords 
principally  aldehyde ; acetic  and  formic  ether  are  also 
formed,  and  towards  the  end  of  the  distillation  a weak 
solution,  containing  acetic  and  formic  acids,  passes  over. 

Pure  chromic  acid  acts  upon  alcohol,  giving  rise  to 
aldehyde  and  sesquiacetate  of  chromium.  Sulphuric 
acid,  with  moderately  dilute  alcohol,  gives  rise  to  ether, 
as  also  do  phosphoric  and  arsenic  acids ; even  seleni- 
ous  acid,  on  being  distilled  with  that  liquid,  causes  the 
formation  of  ether.  On  distilling  a mixture  of  selenious 
acid,  sulphuric  acid,  and  alcohol,  the  distillate  emits 
a most  horrible  odor — ^hydroselenic  acid — and  selenium 
deposits  in  the  retort.  Acetic,  oxalic,  formic,  hydro- 
chloric, hydrobromic,  and  hydriodic  acids,  decompose 
alcohol,  giving  rise  to  ethers.  Fluoride  of  borimn  acts 
upon  alcohol  in  the  heat,  forming  hydrofluoboric  acid, 
boracic  acid,  and  ether.  Chloride  of  antimony,  sesqui- 
chloride  of  iron,  bichloride  of  tin,  et  cetera,  decompose 
alcohol,  forming  oxides  and  hydrochloric  ethers.  Po- 
tassium behaves  with  alcohol  as  with  water. 

Graham  has  shown  that  alcohol  combines  with  most 


salts,  forming  with  them  pecuhar  compounds — alcoates 
— analogous  to  hydrates.  A great  many  of  the  neutral 
salts  are  soluble  in  alcohol ; in  general,  aU  deliqueseent 
salts,  excepting  the  carbonate  of  potassa,  are  soluble 
in  alcohol,  and  those  inorganic  compounds  which  are 
only  sparingly  soluble  in  water,  also  prove  insoluble  in 
that  liquid. 

Alcohol  is  peculiarly  adapted  for  dissolving  copal, 
mastic,  and  a great  number  of  resins  which  are  em- 
ployed in  the  preparation  of  the  finest  varnishes.  The 
fats  and  volatile  essential  oils  are  likewise  dissolved  by 
it,  and  are  employed  with  balsams  in  the  composition 
of  an  extensive  class  of  elixirs,  tinctures,  and  quint- 
essences. 

Sir  Humphrey  Davy  discovered  that  a fine  platinum 
wire,  heated  to  redness,  and  held  in  the  vapor  of  ether, 
continued  ignited  for  some  time.  Mr.  Gill  has  prac- 
tically applied  this  discovery,  in  the  formation  of  an 
alcohol  lamp — lamp  without  flame — of  the  following 
construction.  A cylindrical  cod  of  thin  platinum  wire 
is  placed,  part  round  the  cotton  wick  of  a spirit  lamp, 
and  part  above  the  wick,  and  the  lamp  lighted  to  heat 
the  wire  to  redness ; on  the  flame  being  extinguished, 
the  alcoholic  vapor  keeps  the  wire  red-hot  for  any 
length  of  time,  according  to  the  supply  of  the  spirit, 
and  with  a very  small  expenditure  thereof,  so  as  to  be 
in  constant  readiness  to  ignite  tinder  or  a lucifer  match. 
The  proper  size  of  the  platinum  wire  is  the  hundredth 
part  of  an  inch,  which  may  be  easily  ascertained  by 
coiling  ten  turns  of  the  wire  on  a cylinder,  and  if  they 
measure  the  tenth  of  an  inch  it  will  be  right.  A larger  size 
only  yields  a dull  red  light,  and  a smaller  one  is  difficult 
to  use ; about  twelve  turns  of  the  wire  will  be  sufficient, 
wrapped  round  any  cyhndrical  body  suited  to  the  size 
of  the  wick  of  the  lamp — and  four  or  five  coils  should 
be  placed  on  the  wick,  and  the  remainder  of  the  wire 
above  it. 

A lamp  constituted  as  above  will  require  about  half 
an  ounce  of  alcohol  to  keep  it  in  readiness  for  eight 
hours.  This  lamp  affords  sufficient  luminousness  to 
show  the  hour  of  the  night  by  a watch,  and  to  perform 
other  useful  services.  As  the  Literary  Journal  remarks, 
its  constantly  keeping  a uniform  heat,  and  not  requiring 
snuffing  like  other  lamps,  might  make  it  a valuable 
acquisition  to  the  chemist  for  experiments  on  a small 
scale,  where  a long  continuance  of  a feeble  heat  is 
desirable.  This  suggestion  may  be  acted  upon  where 
gas  is  not  to  be  had.  It  would  do  well  in  Germany, 
where  alcohol  is  very  cheap ; but  the  enormous  price  of 
alcohol  in  this  country  is  an  effectual  bar  to  its  exten- 
sive employment. 

The  following  apposite  remarks,  showing  the  im- 
portance of  having  this  valuable  spirit  exempted  from 
duty  for  manufacturing  purposes,  the  Editor  deems 
worthy  a place  here.  It  would  bo  impossible  to 
name  an  article,  says  the  Chemist,  the  duty  on  which 
is  productive  of  so  much  injury  to  science  and  in- 
dustry. Alcohol  is  the  menstruum  by  means  of 
which  the  various  proximate  principles  of  the  vege- 
tal kingdom  are  separated ; and  by  which  the  Phar- 
macopqlist  furnishes  the  medical  profession  with  those 
active  principles  on  which  the  properties  of  vegetal 
medicines  depend.  On  the  present  occasion,  however. 
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it  is  not  the  Editor’s  intention  to  dwell  on  this  por- 
tion of  the  subject,  but  to  consider  those  bodies  which 
owe  their  origin  to  alcohol,  commencing  with  chloro- 
form. 

It  is  calculated  by  manufacturers,  that  one  gallon  of 
alcohol,  of  spec.  grav.  '830  to  '840,  will  produce  two  and 
a half  pounds  of  cliloroform — some  obtain  a little  more. 
This  gallon  of  spirit  costs  about  seventeen  shiUings  and 
sixpence,  of  which  about  ten  shillings  are  for  duty.  The 
two  and  a half  pounds  will  not  sell  for  more  than  seven- 
teen shillings — less  than  the  cost  of  the  spirit,  and 
allowing  nothing  for  the  expense  of  hypochlorite  of 
lime  and  labor.  The  reason  that  chloroform  is  sold  in 
England  at  a lower  price  than  the  cost  of  its  production 
there,  is,  that  in  Scotland  the  duty  on  alcohol  is  very 
considerably  lower  than  in  England,  and  that  there  is 
no  duty  on  chloroform  brought  from  the  former  coun- 
tiy  to  the  latter.  The  Scottish  manufacturer  is  thus 
enabled  to  undersell  the  English  in  his  own  market. 

The  duty  charged  on  alcohol  amounts  to  about  four 
shillings  per  pound  on  the  chloroform  produced  from 
it,  or  nearly  two-thirds  of  its  value ; the  effect  of  this 
state  of  things  is,  that  the  manufacturer  has  endeavored 
to  employ  substitutes  for  alcohol  in  the  manufacture ; 
and  chloroform  so  produced  is  occasionally  met  with  in 
the  market.  Every  one  acquainted  with  the  subject 
must  admit,  that  chloroform,  made  from  such  a substi- 
tute as  pyroxylic  spirit,  is  less  safe  for  employment  in 
medical  practice,  and  is,  at  any  rate,  far  more  disagree- 
able than  that  prepared  from  alcohol.  It  has  been 
alleged,  that  the  injurious  effects  that  have  followed  the 
use  of  chloroform  as  an  ansesthetic  agent,  have  been 
traced  to  the  fact  of  its  having  been  prepared  from 
pyroxilic  spirit. 

From  the  peculiar  qualities  ot  chloroform — ^its  power- 
ful solvent  properties  on  certain  gums,  and  the  ease 
with  which  it  volatilizes — there  is  no  doubt  that,  if  it 
could  be  produced  at  a moderate  price,  it  would  soon 
be  applied  to  a variety  of  useful  purposes  in  the  arts ; 
but,  under  existing  circumstances,  the  honor  and  profit 
of  such  application  are  left  to  other  nations,  where 
genius  is  less  fettered  by  fiscal  restrictions.  It  is  neces- 
sary to  impress  on  the  public  mind,  that  the  duty  on 
alcohol  acts  as  a prohibition  to  its  use  in  industrial 
pursuits;  that  it  would  be  a matter  of  policy  in  the 
Government  to  place  the  English  manufacturer  on  an 
equality  with  the  Scotch  and  the  foreigner,  and  that  the 
imperial  coffers  are  not  enriched  by  the  enforcement  of 
this  tax,  which  inflicts  such  severe  injury  on  the  in- 
dustrious classes.  It  is  very  true,  that,  in  the  instance 
of  chloroform,  England  is  supplied  from  Scotland ; but 
there  are  many  cases  in  which  Great  Britain  sends  to 
foreign  countries  for  those  articles  in  which  alcohol 
performs  an  important  part,  and  in  which  she  might 
enjoy  a considerable  trade  of  her  own. 

The  Chemist  concludes  the  article  as  follows: — 
A gallon  of  ordinary  rectified  spirit  produces  about 
four  pounds  of  commercial  ether,  and  upon  this  foun- 
dation is  based  the  extra  amoimt  of  duty  which  is  to  be 
paid  upon  it  when  brought  to  England  from  those  parts 
of  the  United  Kingdom  in  which  the  duty  is  lower ; 
still,  it  is  a well-known  fact,  that  ether  may  be  obtained 
in  the  English  market  at  the  bare  cost  of  the  duty. 


namely,  two  shillings  and  sixpence  per  pound.  There 
can  be  no  doubt  tliat,  if  Government  does  not  relieve 
from  the  present  duty  that  portion  of  spirit,  at  least, 
which  is  used  for  manufacturing  purposes,  an  attempt 
will  be  made  to  charge  upon  chloroform  the  extra 
amount  of  duty,  as  in  the  case  of  ether,  et  cetera,  chloro- 
form having  become  an  article  of  commercial  impor- 
tance. 

The  English  manufacturer  wants  to  be  permitted  to 
use  alcohol,  duty  free,  for  manufacturing  purposes ; and 
there  is  no  sufficient  reason  why  he  should  not  have  this 
opportunity,  nor  why  he  should  be  compelled  to  seek 
substitutes.  It  cannot  be  expected  that  any  manufac- 
ture in  which  alcohol  is  so  important  an  element  as  in 
chloroform  and  ether,  can  thrive  when  so  excessive  and 
exorbitant  a duty  is  charged  on  it.  The  application  of 
these  compounds  to  many  useful  pmposes,  is  retarded 
or  prevented  by  it. 

ALCOHOLIC  LIQUORS— Whisky.— The  sub- 
joined historical  remarks  form  an  appropriate  introduc- 
tion to  the  mamffacture  of  whisky : — Spiritous  liquors 
have  been  noticed  in  some  of  our  earliest  songs  and 
writings;  and  the  English,  shortly  after  the  invasion, 
in  the  time  of  Henry  II.,  found  the  Irish  people  in- 
dulging in  potations  of  this  liquor.  History  informs  us 
that  the  knowledge  of  aqua  vitce  was  first  acquired  in 
Emope  in  the  reign  of  that  monarch ; but  it  is  more  than 
probable  that  the  Irish  were  acquainted  with  it  before 
the  English.  The  strong  similarity  between  the  Irish  lan- 
guage and  the  primitive  languages  of  Asia,  as  stated  by 
eminent  etymologists,  and  the  intercourse  the  Irish  had 
with  that  quarter  of  the  world,  lead  to  the  supposition 
that  the  art  of  distillation  was  introduced  directly  from 
India ; but  it  is  more  likely  that  it  was  received  from 
Spain  or  Italy,  where  it  was  early  known  under  the 
epithet  of  acqua  vite,  or  acqua  di  vite — water  of  the 
vine — as  the  spirit  was  originally  extracted  in  those 
countries  from  the  grape.  The  monasteries  being  the 
archives  of  science,  and  the  original  dispensaries  of 
medicine,  it  is  a natural  surmise  that  the  term  acqua 
vite  was  there  corrupted  into  the  Latin  and  universal 
appellation,  aqua  vita — water  of  life — from  its  salutary 
and  beneficial  effects  as  a medicine ; and  from  the  Latin 
tongue  being  the  general  conveyancer  of  scientific  dis 
covery,  as  well  as  of  familiar  correspondence,  the  term 
aqua  vita  may  have  crept  into  common  use  to  signify 
an  indefinite  distilled  spirit,  in  contradistinction  to  acqua 
vite,  the  mere  extract  of  the  grape.  The  dissolution  of 
the  monasteries  gave  the  secret  of  this  invention  to  the 
public,  and  the  elixir  of  the  alembic  soon  attained  the 
summit  of  popular  regard. 

Campion  relates,  that  when  the  new  settlers  were 
attacked  by  any  of  the  diseases  common  to  the  country, 
they  used  aqua  vita,  or  usquebaugh,  the  ordinary 
beverage  of  the  inliabitants,  as  the  best  restorative  of 
health,  and  chief  preventive  of  contagion.  Speaking  of 
a famine  which  happened  in  1316,  he  says  it  was  caused 
by  the  soldiers  eating  flesh  and  drinldng  aqua  vita  m 
Lent.  It  would  seem  that  aqua  vita  was  employed  in 
Ireland,  at  one  time,  as  opium  has  been  amongst  the 
Tiuks,  to  inspire  heroism ; and  this  is  exemphfied  in 
the  case  of  a knight,  named  Savage,  who  lived  in  1350, 
and,  previously  to  entering  the  field  of  battle,  ordered 
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to  each  soldier  a mighty  draught  of  aqua  vitae.  One 
learns  from  Ware  and  Zedwick,  that  the  aqua  vitae  or 
usquebaugh  of  the  Irish  was  of  a less  inflammatory 
nature  than  that  made  in  England,  because  the  latter 
is  supposed  to  be  of  more  recent  invention.  Its  virtues, 
and  the  directions  for  making  it,  both  simple  and  com- 
pound, are  recorded  in  the  Ked  Book  of  OssORY,  a work 
compiled  about  five  hundred  years  since,  and  which, 
likewise,  contains  a receipt  for  making  another  liquor 
termed  nectar,  composed  of  a mixture  of  honey  and  wine, 
having  ginger,  pepper,  cinnamon,  and  other  ingredients, 
incorporated.  This  mixture  was  called  piment,  from 
its  pungency  and  spicy  nature,  and  on  accoimt  of  its 
delicious  quality  it  was  much  celebrated  by  the  early 
French  poets,  who  considered  the  perfuming  of  wine 
with  foreign  aromatics,  then  so  dear  and  difficult  of 
procuring,  as  the  very  acme  of  taste  and  ingenuity.  In 
Ireland,  it  was  an  early  practice  to  imitate  foreign 
liqueurs,  which,  from  the  praise  of  the  poets  alluded  to, 
must  have  even  excelled  those  of  Italy  and  France. 
Aqua  vitce  was  first  used  in  the  country  as  a medicine, 
and  was  considered  as  a panacea  for  all  disorders ; tlie 
physicians  recommended  it  to  patients  indiscriminately, 
for  preserving  health,  dissipating  humors,  strengthening 
the  heart,  euring  colic,  dropsy,  palsy,  et  cetera,  and  even 
prolonging  existence  itself  beyond  the  common  limits ! 
Hence  it  was  eagerly  sought,  and  the  taste,  thus  formed, 
has  been  transmitted  from  generation  to  generation, 
and  to  which  many  adhere  with  an  attachment  rather 
strengthened  than  diminished  by  long  custom. 

The  Latin  epithet,  aqua  vitce,  the  Irish  term,  usque- 
baugh, and  the  modem  word,  whisky,  are,  in  point  of 
fact,  synonjonous;  aqua  vitce,  signifying  the  water  of 
life,  and  usquebaugh,  which  should  be  written  ishe- 
baghah  or  isquebeoh,  the  former  implying  water  of  life, 
and  the  latter  living  water.  As  isqite,  or  iske,  in  the 
Irish  dialect,  means  water,  it  must  appear  evident  that 
the  term  whisky  is  only  a slight  alteration  in  the  pro- 
nunciation of  this  term.  O’Brien  and  Vallencey 
both  admit  that  ai,  ay,  or  ey,  are  old  terms  for  water, 
and  isque,  or  iske,  implying  water,  the  compound  word 
literally  means  water  of  waters',  the  word  whisky, 
therefore,  is  of  very  comprehensive  import,  and  fully 
expressive  of  this  sense-subduing  beverage. 

It  is  not  easy  to  determine  the  origin  of  the  term 
aqua  vitce,  as  applied  to  exhilarating  liquors,  unless  by 
an  admission  of  the  reasoning  already  advanced. 

Having  thus  far  entered  into  the  history  of  the 
subject  under  review,  the  manufacturing  processes 
will  be  prefaced,  by  an  intelligent  visitor,  with  the 
routine,  arrangements,  et  cetera,  of  an  extensive  Lon- 
don distillery.  He  writes: — The  first  objeets  that  met 
tlie  eye  were  large  granaries,  or  magazines,  in  which 
the  grain  was  stored;  beyond  these  appeared  various 
buildings,  connected  with  the  still-room,  eontaining  a 
huge  eylindrical  worm-tub,  water-tanks,  and  refrigerat- 
ing tanks,  et  cetera.  Near  the  entrance  were  the  mill 
and  the  brewhouse,  for  conducting  all  those  preliminary 
operations  preceding  the  actual  distillation.  The  open 
court  presented  a bustling  scene — waggons  bringing  in 
yeast  from  the  great  London  breweries,  others  laden 
with  casks  destined  for  different  parts  of  the  metropolis ; 
a number  of  carts  were  conveying  grain  to  the  dairies, 
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and  at  another  part  of  the  premises  men  were  em- 
ployed filling  barrels  ■with  spent  wash,  to  be  sent  to  the 
fatteners  of  cattle  and  swine. 

The  operations  of  a distillery  relate  to  the  extrac- 
tion of  the  alcohol  from  various  sorts  of  grain.  Wheat, 
oats,  barley,  rye,  Indian  com,  rice,  and  other  of  the 
graminece,  whether  in  the  raw  or  in  the  malted  state, 
as  well  as  the  juices  of  fruits,  sugar-cane,  beet-root, 
potatoes,  carrots,  and  even  some  of  the  grasses,  and 
many  other  vegetal  and  natural  substances,  eviscer- 
ate certain  elements,  which,  by  peculiar  processes, 
yield  alcohol.  Distillation  is  invariably  one  of  these 
operations,  but  it  is  preceded  by  others  which  differ 
according  to  the  nature  of  the  ingredients  employed. 
Those  liquors  imiversally  kno-wn  and  abused,  such 
as  whisky,  hoUands,  gin,  brandy,  rum,  spirits  of 
wine,  and  cordials  of  various  kinds,  all  contain  alcohol, 
which  passes  over  in  the  process  of  distillation.  British 
brandy,  British  gin,  whisky,  or  rum,  are  produced  from 
corn ; French  brandy,  from  wine ; West  Indian  rum, 
from  sugar  or  molasses.  The  different  qualities  of 
these  various  liquids  depend  partly  on  the  centesimal 
amount  of  alcohol,  partly  on  the  berries,  herbs,  and 
seeds  with  which  they  are  flavored,  partly  on  their 
mode  of  manufacture,  and  lastly,  on  the  substances 
whenee  they  are  derived.  In  every  case,  however,  the 
substance  suffering  the  process  of  distillation  is  a sweet 
liquid,  but  the  means  whereby  the  saccharine  material  is 
instituted,  vary  -with  circumstances.  The  extract  pro- 
duced from  grain  is  converted  into  a kind  of  beer  before 
being  distilled.  The  fermented  liquor,  modified  in  a 
particular  way,  forms  beer  at  the  brewery ; whilst,  in 
the  distillery,  it  is  known  under  the  name  of  wash,  and 
is  that  liquid  which  undergoes,  subsequently,  the  pro- 
cess of  distillation. 

AH  the  grain  goes  through  the  granary,  and,  when 
required  in  meal,  passes  into  the  mill-room,  which  con- 
tains several  pair  of  millstones,  ranged  in  a circle,  and 
worked  by  a large  steam-engine.  The  meal  next  goes 
to  the  brewhouse,  in  which  are  large  coppers  for  heat- 
ing water,  and  prodigious  mash-tuns,  capable  of  holding 
many  thousand  gallons.  Here  it  is  mashed,  and  its 
residue  sold  to  the  cattle-feeders. 

The  eoolers,  or  cooling  floors,  occupy  the  upper  por- 
tion of  a building  adjoining  the  brewhouse.  These 
floors  are  covered  -with  iron  plates,  three  or  four  feet 
square,  and  are  joined  edge  to  edge.  Eaised  ledges 
are  placed  across  the  floors,  at  certain  distances,  to 
divide  them  into  compartments ; and  into  the  shallow 
cells  or  trays  thus  formed,  the  hot  wort  is  introduced. 
The  whole  of  the  immense  floor,  one  hundred  and  fifty 
feet  in  length,  becomes  covered  with  a stratum  of  hot 
liquor,  six  inches  deep,  which  is  rapidly  cooled. 

From  the  coolers  the  wort  descends  into  what  are 
termed  the  fermenting  backs,  a series  of  square  vessels 
of  enormous  proportions,  where  it  is  exposed  to  the 
action  of  the  yeast.  The  alcoholic  fermentation  here 
commences,  with  great  energy,  which  ceases  when  the 
sugar  of  the  sweet  wort  has  been  transformed  into 
alcohol ; and  by  subsequent  distillation  from  the  large 
copper  wash  stills,  this  alcohol  is  obtained  in  a more 
concentrated  state,  forming  the  singlings,  or  low  wines, 
of  the  distiller. 
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The  sj'stem  of  supervision  whereby  the  revenue  in 
spirits  is  collected,  is  rightly,  as  Dodd  states,  a remark- 
able instance  of  Excise  machinery — a supervision  ren- 
dered important  by  the  great  revenue  yearly  collected, 
and  by  the  comparatively  small  number  of  distilleries 
from  which  the  payments  are  made.  The  Messrs. 
Smith’s  estabhshment  alone  pays  three  hundred  thou- 
sand pounds  annually  to  Government  on  the  spirit 
manufactured;  and  as  the  duty  per  gallon  is  esti- 
mated on  spirit  of  one  particular  degree  of  strength, 
the  greatest  caution  is  necessary  in  testing  all  the 
liquors  produced,  as  a guarantee  that  every  sample  is 
charged  exactly  in  proportion  to  its  quantity  and  to  its 
strength.  There  are  Excise  officers,  as  agents  for  the 
Government,  almost  constantly  present  at  every  dis- 
tillery, day  and  night.  They  succeed  each  other,  one 
or  more  at  a time,  as  may  be  necessary,  after  intervals 
of  eight  hours ; the  periods  being  from  six  in  the  morn- 
ing tin  two,  thence  to  ten  at  night,  thence  to  six  the 
following  morning.  The  act  of  Parliament  to  regulate 
distilleries  was  passed  in  1825,  and  by  its  provisions  no 
distiller  was  permitted  to  work  till  he  had  procured  a 
license,  which  was  to  be  renewed  yearly;  moreover,  he 
was  not  allowed  to  have  on  his  premises  a still  below  a 
certain  capacity.  The  number  of  stills,  charges,  re- 
ceivers, et  cetera,  continues  subject  to  certain  restric- 
tions ; and  the  exact  routine  is  given  as  to  the  mode  the 
liquid  shall  run  from  one  vessel  to  another  in  the  pro- 
cess of  distillation.  The  openings  in  the  piincipal  vessels 
are  expressly  stated ; and  the  most  scrupulous  care  is 
taken  that  nothing  shall  pass  from  one  vessel  to  another 
without  traversing  a pipe  having  a lock  or  valve,  which 
is  provided  and  kept  in  repair  by  the  distiller,  to  the 
satisfaction  of  the  Excise  officer — who  has  charge  of  the 
key — under  a penalty  of  two  hundred  pounds.  This 
functionary  also  keeps  the  keys  to  lock  up  the  furnace 
doors  and  stills ; in  fact,  he  exercises  a perfect  control 
over  every  operation  and  process ; and  with  the  view 
of  facilitating  his  superintendence,  the  brewing  and  the 
distilling  take  place  at  different  periods,  one  portion  of 
time  being  set  apart  for  the  preparation  of  the  wash, 
and  another  for  its  distillation. 

In  order  that  the  intentions  of  the  law  may  be  fully 
carried  out,  prohibiting  the  synchronous  brewing  and 
distilling,  the  buddings  are  detached,  or  conveniently 
divided,  and  the  pipes,  a large  number  of  which  is  visi- 
ble, are  of  various  colors.  The  legislature  requires  that 
the  conduit  pipes  shall  be  painted  hlach  ; those  for  the 
conveyance  of  wash,  red;  those  for  the  first  distillate, 
blue;  and  those  for  the  finished  spirit,  white:  this  is 
done  in  order  that  the  officer  may  conveniently  trace  the 
routine  of  the  processes ; further,  ladders  and  all  other 
conveniences  must  be  furnished  for  the  easy  access  of 
the  supervisor  to  all  the  vessels  in  the  estabhshment. 

The  new  act  specifies  that  no  spirit  receiver  shall  be 
used  in  any  distillery,  which  shall  not  be  made,  placed, 
and  fixed,  to  the  satisfaction  of  the  Commissioners  of 
Inland  Eevenue,  and  be  sufficiently  deep  to  admit  of 
■the  gage  being  taken  of  the  depth  of  fifteen  inches  in 
the  centre ; and  every  such  receiver  shall  be  so  filled, 
that  at  the  time  of  gaging  the  same,  for  the  purpose  of 
charging  the  duty  thereon,  the  depth  of  spirit  shall  not  be 
less  than  fifteen  inches,  imder  a penalty  of  fifty  poimds. 


The  fabrication  of  ardent  spirits  is  a very  extensive 
branch  of  home  trade.  Whisky  is  the  staple  produce 
in  this  kingdom ; gin,  rum,  et  cetera,  are  made  in  other 
countries  by  operations  analogous  to  those  followed  in 
the  manufactm’e  of  whisky.  Gin  and  rum  are  ficti- 
tiously made  by  several  parties  in  this  country;  but 
they  require  an  alcoholic  liquor  to  operate  upon,  and 
for  this  purpose  whisky,  more  or  less  pure,  is  univer- 
sally used.  Since  whisky,  then,  is  tlie  principal  pro- 
duct of  the  spirit  manufacture  of  this  country,  preference 
of  description  will  be  given  to  it. 

For  its  production,  barley  is  the  most  abundantly 
employed  of  all  the  cereals,  and  either  in  the  raw  or 
malted  state.  Malting  is  a preliminary  operation  to 
which  the  barley  is  submitted  by  these  who  employ 
malt ; but  since  it  is  not  solely  used  by  the  distiller, 
the  detailed  description  of  the  operations  of  malting 
iviU  be  reserved  to  come  under  Beer,  as  only  malt  is 
employed  to  yield  this  beverage.  To  show,  however, 
the  influence  the  malting  has  on  the  workings  of  the 
distiller,  it  will  be  necessary  to  notice  one  particular 
change  that  takes  place  in  the  constituents  of  the 
grain,  namely,  the  metamorphosis  of  starch  and  gluten 
into  sugar  and  diastase. 

The  change  of  starch  into  sugar  is  partly  effected  in 
the  grain  during  the  time  it  is  permitted  to  sprout,  but 
principally  after  the  amylaceous  and  glutinous  mat- 
ters, or  diastase,  have  been  extracted  by  the  water, 
as  the  latter  body  possesses  the  property  of  readily 
transmuting  the  remainder  of  the  starch  into  sugar. 
The  conversion  of  the  nutritive  parts  of  the  grain 
here  alluded  to,  disintegrates  its  natural  textm-e  in 
such  a manner,  that  water  will  readily  permeate 
the  entire  substance,  and  take  up  every  particle  that 
is  of  any  interest  to  the  brewer  or  distiller.  For 
this  reason  malted  grain  is  preferred  by  many  dis- 
tillers : firstly,  because  the  extract  is  obtained  more 
perfectly  and  with  greater  facility;  and  secondly, 
because  it  is  supposed  that  the  yield  of  spirit  is  larger 
than  would  be  produced  were  the  grain  immalted. 
But,  as  additional  labor  always  involves  greater  ex- 
pense, the  cost  of  the  malted  substance  is  necessarily 
higher ; besides,  a Government  duty  is  imposed  upon 
the  article,  which  further  raises  its  value.  To  avoid, 
then,  the  expenditure  which  the  purchase  of  malt  ex- 
clusively would  occasion,  many  distillers  use,  instead 
of  it,  a mixture  of  malted  with  raw  or  unmaltcd 
grain,  in  various  proportions ; and  though  the  subse- 
quent extraction  and  management  of  the  worts  from 
such  mixtures  do  not  offer  equal  facilities  as  when  malt 
has  been  employed,  yet  the  inconveniences  are,  for 
the  most  part,  overcome  by  care  and  foresight;  and 
should  any  slight  difficulty  appear,  the  distiller  consoles 
himself  with  the  assurance,  that  the  difference  in  the 
cost  of  the  original  material  will  fully  compensate  any 
of  the  minor  casualties. 

By  guarding  against  the  difficulties  to  be  encountered, 
when  a mixture  of  raw  and  malted  grain  is  operated 
upon,  as  will  be  pointed  out  in  the  succeeding  pages, 
the  yield  of  spirit  ^vill  be  as  large  as  if  malt  was  wholly 
taken;  a fact  proved  by  Clement  and  others  who 
have  investigated  the  subject,  and  also  by  several 
intelligent  manufacturers. 
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to  set,  which  prevents  him  from  extracting  the  valu- 
able portions.  The  main  point,  however,  in  the  distil- 
ler’s business,  demanding  partieular  care,  is  the  proper 
management  of  the  fermentative  action  succeeding  the 
making  of  the  worts,  to  insure  the  conversion  of  the 
whole  of  the  saccharine  matter  into  alcohol : he  must 
also  guard  against  the  acetous  fermentation,  and  various 
other  difBculties,  which,  if  ov'U'looked,  would  be  ex- 
tremely detrimental. 

The  several  stages  in  the  manufacture  ^vill  now  be 
fully  treated  of  under  the  heads — Grinding,  Mashing, 
Fermenting,  and  Distilling. 


Grinding. — The  granary  is  a large  building  of  briek 
or  stone,  having  three  spacious  stories,  on  which  the 
malt  or  raw  grain  is  hoarded.  One  of  the  granary  floors 
is  appropriated  to  the  kiln-dried  barley,  which  lies 
spread  in  a stratum  five  feet  thick,  ready  to  be  con- 
veyed to  the  mill.  When  it  is  to  be  ground  into  meal, 
the  grain  is  taken  to  a room  immediately  over  the  mill- 
chamber,  and  discharged  through  trap-doors  into  cloth 
sleeves,  whieh  conduct  it  to  the  hoppers.  In  the  mill- 
room  several  pair  of  stones  are  seen  ranged  in  a circle, 
and  are  set  in  motion  by  a shaft  from  the  steam-engine. 
Fig.  37  shows  the  nature  of  the  operations.  These 


Wliether  malt  is  exclusively  used,  or  a mixture,  the 
substance  must  be  either  ground  or  crushed,  in  order  to 
destroy  the  adhesiveness  of  the  valuable  principle  of 
the  grain,  and  to  expose  an  extensive  surface  to  the 
solvent  action  of  the  water  in  the  preparation  of  the 
extract.  As  said  before,  the  malting  effects  the  disin- 
tegration to  a considerable  extent;  hence  the  reason 
why  malt  is  not  required  to  be  in  a very  minute  state 
of  division  when  subjecting  it  to  the  action  of  solvents. 
On  the  contrary,  mixtures,  into  the  composition  of  which 
large  quantities  of  raw  grain  enter,  must  be  finely 
groimd,  for  the  cause  just  assigned. 

Ground  or  crushed  malt  always  yields  a wort  that 
is  comparatively  clear;  mixtures,  on  the  other  hand, 
never  give  a bright  wort,  but  dense  solutions,  on  account 
of  the  large  quantities  of  starch  and  plastic  matter 
which  are  carried  off  mechanically  in  the  water. 

This  behavior  of  the  malt  and  mixtures,  constitutes 
one  of  the  principal  differences  between  the  brewer’s  and 
distOler’s  mode  of  making  the  worts ; the  former  must 
have  a clear  extract,  as  the  liquid,  after  being  submitted 


to  the  slow  fermentation,  remains  to  give  hody  to  his 
beverage.  Such  an  extract  cannot  be  otherwise  ob- 
tained than  by  using  malt  entirely.  It  is  optional  witli 
the  distUler  whether  he  uses  malt  or  mixtures  to  pre- 
pare his  worts,  as  he  can  run  the  starchy  liquor  into  the 
fermenting  tun,  there  to  undergo  the  alcoholic  fermen- 
tation, partly  by  catalysis,  or  the  action  of  contact, 
and  partly  by  the  preliminary  alteration  of  the  starch, 
owing  to  the  activity  of  the  fermentation,  into  sugar 
before  the  alcohol  is  formed. 

In  other  respects,  the  operations  of  the  brewer  and 
of  the  distiller  are  closely  allied,  excepting,  that  the 
distiller’s  object  is  to  urge  fermentation  to  its  utmost,  and 
finally,  to  separate  by  distillation  the  spirit  thus  formed 
from  the  wash,  after  which  the  residuary  liquor  is  ac- 
counted of  little  value;  but  the  brewer’s  aim  is  to  prevent 
the  fermentation  going  beyond  a certain  point,  and  the 
alcohol  produced  is  left  in  conjunction  with  the  wash. 

Considerable  attention  is  required  of  both  parties,  and 
especially  of  the  distiller  who  employs  raw  grain,  in  pre- 
paring the  worts,  owing  to  the  tendency  of  the  matter 
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stones  grind  all  the  raw  grain ; while  the  malt  is  passed 

Fig.  38  represents  the  mash  tun  at  a large  Scotch 

through  a crushing-mill,  consisting  of  two  rollers  placed 

distillery:  a a is  the  mash  tun,  twenty-eight  feet  in 

nearly  in  contact.  In  the  lower  room  is  a vertical  cylin- 

diameter,  and  eight  feet  deep.  From  tlie  middle  of  the 

drical  partition,  enclosing  the  mechanism  whereby  the 

tun  rises  a vertical  shaft,  m,  set  in  motion  by  machinery. 

millstones  are  rotated  in  the  room  above,  and  around  it 

and  thus  revolving  the  mechanism,  dec.  This  appa- 

are  pipes  or  openings  for  conducting  the  meal  from  the 

ratus,  by  rotating  horizontally  and  vertically,  effectually 

grinders  into  sacks  fastened  to  them.  The  meal,  as  it 

rummages  the  whole  liquor  in  the  tun:  a!  is  a rod 

issues  from  these  pipes,  has  a temperature  of  about  100“ 

extending  from  the  pillar,  m,  to  the  edge  of  the  tun. 

Fahr.,  from  the  mechanical  friction  of  the  stones. 

round  which  its  outer  extremity  is  carried  on  a toothed 

Mashing. — The  mash  tun  is  the  most  important 

wheel,  gearing  into  the  teeth  round  the  tun ; it  is  driven 

vessel  employed  in  this  department.  It  is  made  of  cast- 

by  the  bevel  wheels,  n.  Connected  with  this  rod,  d,  are 

iron  plates,  firmly  bolted  together,  and  circular  in  shape. 

two  parallel  rods,  c c,  which  it  carries  round  with  it ; 

Fie.  .SR 
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to  these  rods  are  fi.ved  bent  cross  bars  or  feathers, 

fermenting  tuns.  Several  large  copper  vessels,  be- 

which  also  revolve  in  consequence  of  the  double  motion 

sides  the  tuns,  are  in  use,  for  the  purpose  of  heating 

of  the  rods,  c c,  rotating  on  their  axes  at  the  same  time 

the  water  for  mashing  the  grist;  they  hold  several 

that  they  turn  round  the  shaft  in  the  centre  of  the 

thousand  gallons,  and  are  heated  by  a furnace. 

tun.  In  their  action  they  much  resemble  the  paddles 

Having  described  the  mash  tun,  the  operations  and 

of  a steamer,  mashing  and  churning  the  menstruum. 

materials  employed  for  the  preparation  of  the  worts 

The  one  rod  is  exactly  over  the  other;  the  paddles 

will  be  now  considered. 

attached  to  the  lowest,  pass  within  two  inches  of  the 

It  has  already  been  stated  that  the  giist  may  be 

bottom.  When  the  tun  is  only  half  filled,  the  lower 

barley  meal,  oats,  or  malt  in  variable  proportions. 

rod,  per  se,  mashes  the  contents.  A;  is  a platform,  so 

according  to  circumstances.  Large  quantities  of  oats. 

that  the  men  may  have  easy  access  to  the  tun ; / is  a 

on  being  mixed  with  the  grist,  confer  a peculiar 

door  leading  to  the  mill,  where  the  grain  is  ground  into 

flavor,  which  is  easily  recognized  by  those  who  have 

grist;  6 6,  two  channels  or  sluices,  for  conducting  the 

experience  in  the  taste  of  spirit.  Wien  barley  malt 

grist  from  the  granary  into  the  mash  t\m ; e e,  wash- 

and  raw  barley  meal  form  the  grist,  one  part  of  malt 

backs,  resting  on  rafters,  et  cetera,  which  project  from 

to  two  or  three  parts  of  the  raw  ground  grain  are 

the  wall.  The  wash-backs  are  used  for  containing  the 

considered  the  best  proportions,  though  one  part  of 

weak  worts  drawn  from  the  last  two  sperges,  or  mash- 

malt  to  five,  six,  eight,  nine,  or  even  fifteen  parts 

ings  of  the  grist,  after  the  principal  extracts  have  been 

of  the  raw  grain  are  often  used.  When  oats  are  em- 

drawn  off ; they  are  pumped  up  into  e e,  and  kept  to 

ployed,  the  best  proportion  is  three  parts  of  barley 

macerate  fresh  grist  in  the  next  operation ; h,  the  en- 

malt  to  one  of  oats;  but  satisfactory  results  are  oh- 

trance  to  the  long  rooms,  in  which  are  twenty  or  thirty 

tained  when  the  malt  and  oats  are  used  in  the  ratio  of 
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two  of  the  former  to  one  of  the  latter.  K the  propor- 
tion of  raw  grain  be  large  when  compared  with  that  of 
the  malt,  it  is  a general  custom  to  add  a quantity  of 
chaff,  in  order  that,  when  the  mashing  water  has  ex- 
tracted the  saccharine  and  starchy  portions,  it  may  be 
more  easily  filtered  or  drawn  off. 

The  quantity  of  malt  and  grain  used  at  each  mash- 
ing, depends  on  the  size  of  the  distillery ; hence  no 
fixed  rule  can  he  laid  down.  In  the  distilleries  in 
Dublin,  the  quantity  of  grist  at  each  brewing  varies 
with  circumstances,  from  eight  hundred  bushels,  the 
lowest,  to  two  thousand  bushels,  the  largest  quantity. 
In  nearly  all  cases,  it  is  composed  of  seven  eighth- 
parts  of  raw  or  unmalted,  and  one  eighth-part  of  malted 
grain. 

Previous  to  introducing  the  malt,  a quantity  of  water, 
at  a temperature  between  140°  and  150°  Fahr.,  is  run 
into  the  mash  tun,  and  the  ground  malt  and  meal  are 
then  added.  A number  of  workmen,  with  stout  wooden 
spatulas  or  oars,  keeps  the  mixture  in  brisk  agitation, 
until  the  grist  is  thoroughly  moistened,  and  neither 
clots  nor  lumps  remain.  In  the  larger  establishments, 
this  part  of  the  operation  is  effected  by  macliinery, 
and  is  much  more  efficiently  performed  than  by 
manual  labor.  The  perforated  false  bottom  allows  the 
wort  to  percolate  'nto  the  space  between  it  and  the 
true  bottom  of  the  tun,  from  which  it  is  drawn  off  more 
easily  into  the  under-backs, — large  vessels  placed  be- 
neath the  mash  tun,  wherein  the  worts  are  collected 
till  pumped  into  the  cooling-backs.  Distillers  and 
brewers  are  more  variable  in  their  mode  of  working 
than  any  class  of  manufacturers  who  carry  on  business 
extensively.  In  no  one  operation  do  they  seemingly 
follow  a common  rule,  each  having  some  favorite  plan 
of  a supposed  greater  merit  than  others;  hence  the 
difficulty  of  givirig  a true  and  comprehensive  detail 
of  these  branches.  This  assertion  has  been  partly 
demonstrated  already,  when  speaking  of  the  grist ; and 
in  the  next  operation,  the  mashing,  it  becomes  more 
manifest. 

The  whole  of  Uie  saccharine  and  fermentable  matters 
of  the  grist  introduced  into  the  mash  tun,  is  generally 
extracted  in  three,  always  in  four  mashings  at  most; 
but  the  manner  of  doing  so  is  different,  according  to  the 
notions  of  the  manager.  At  one  time,  the  first,  second, 
and  third  mashings  were  evaporated  till  the  mixture  ac- 
quired a density  of  about  1-05,  when  it  was  ready  for  the 
fermenting  tun,  the  fourth  wash  being  reserved  for 
extracting  fresh  quantities  of  grist.  Some  employ  the 
water  in  the  first  and  second  extract  in  such  quantities 
as  that  the  wort  will  be  of  a strength  fit  for  fermenting, 
and  the  third  and  fourth  wash  may  be  concentrated  by 
evaporation  to  the  proper  density,  and  then  added  to 
the  preceding ; or  these  dilute  solutions  may  be  made 
of  the  proper  strength  by  running  them  on  fresh  quan- 
tities of  ground  malt  and  grain.  Others,  again,  manage 
the  quantity  of  water  in  such  a manner  that  the  pro- 
duct of  the  first  extract  will  have  the  density  necessary 
for  submitting  it  to  the  fermenting  vessels.  The  re- 
maining three  washings  are  rendered  stronger  either 
by  evaporation,  or  mashing  with  fresh  portions  of  malt 
or  grist.  In  the  latter  case,  the  quantity  of  water  is 
larger  in  the  first  mashing  than  in  the  preceding  in- 
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stance,  where  the  first  two  extracts  are  made  of  the 
strength  1'050,  which  together  amount  to  about  twice 
the  volume  of  grist 

In  Macfarlane  and  Co.’s  distillery  at  Glasgow,  two 
hundred  and  sixty  himdred-weight  of  grist,  including 
a sixth  or  a fourth  of  malt,  are  taken  for  an  ordinary 
mash,  and  these  are  put  into  the  mash  tun,  and  about 
seven  hundred  and  eighty-eight  barrels  of  water — 
nearly  twenty-eight  thousand  three  hundred  and  sixty- 
eight  gallons — are  poured  upon  them  at  two  stages  of 
the  operation. 

In  the  Dublin  distilleries,  about  seven-eighths  of  raw 
grain  are  employed.  Like  the  preceding,  the  first  mash 
is  tlie  only  one  let  into  the  fermenting  tun,  the  succeed- 
ing small  worts  being  kept  for  the  next  day’s  brewing ; 
and  in  preparing  this  wort  about  five  barrels  of  water 
are  taken  to  the  quarter  of  grist,  hut  more  if  small  worts 
are  used;  to  completely  exhaust  the  grist,  about  the 
same  amount  of  water  is  required  for  the  subsequent 
mashing. 

The  temperature  of  the  water  varies  with  the  quan- 
tity of  malt  present;  when  the  malt  and  raw  grain 
are  mixed  in  the  proportion  of  one  of  malt  to  two 
of  grain,  the  first  mashing  may  be  made  at  a tem- 
perature of  150°  to  160°  Fahr.,  but  if  the  malt  and 
grain  be  as  one  to  four,  six,  or  nine,  then  the  water 
should  not  exceed  145°  for  the  first  mashing,  in  order 
to  prevent  the  setting  of  the  mass.  A longer  time  is 
likewise  required  for  the  first  mashing  with  a large 
quantity  of  raw  grain  than  if  it  were  entirely  malt,  as 
the  starchy  matter  of  the  grain  is  more  difficultly  ex- 
tracted than  the  saccharine  principle  which  replaces  it 
in  the  malted  grain.  From  one  hour  and  a half  to 
two  hours  generally  suffice  for  this  operation,  where 
the  contents  of  the  mash  tub  are  kept  in  agitation  by 
machinery,  and  the  proper  heat  of  the  water  has  been 
attended  to;  but  very  often  the  time  occupied  may 
extend  to  three  or  more  hours. 

In  successful  cases,  the  time  required  for  the  wort  to 
clarify,  is  about  one  to  two  hours.  As  the  temperature 
of  the  solution  becomes  lower  from  contact  with  the 
grist,  and  from  the  agitation,  it  is  customary  not  to  add 
the  whole  of  the  water  employed  in  the  first  mash  at 
once,  but  to  retain  from  half  to  a quarter  of  the 
liquid,  which  is  added,  at  short  intervals,  towards  the 
middle  of  the  operation.  This  serves  to  keep  the 
heat  more  uniform,  and  the  work  is  more  effectually 
accomplished. 

In  the  Scotch  distillery  above  mentioned,  when  the 
first  water  at  140°  permeates  the  whole  of  the  grist, 
the  remainder  of  the  seven  hundred  and  eighty-eight 
barrels  is  poured  in,  at  a temperature  ranging  between 
175°  and  180°,  so  as  to  heat  the  whole  contents  of  the 
tun  to  150°. 

After  the  wort  has  been  drawn  off  into  the  under- 
back,  and  pumped  into  the  coolers,  the  second  sperge 
is  then  let  in  upon  the  grist  remaining  in  the  mash 
tun,  and  a similar  treatment  to  the  foregoing  given  to 
the  mash ; the  time  occupied  is  one  hour  and  a half, 
and  the  density  of  the  weak  wort  is  from  fifteen  to  six- 
teen pounds  per  barrel. 

Since  the  greater  part  of  the  saccharine  and  starchy 
matters  of  the  grist  is  extracted  in  the  first  affusion. 
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there  is  but  little  danger  of  the  setting  of  the  mash  in 
the  second  washing,  so  the  water  is  of  a higher  tem- 
jierature  than  that  employed  in  the  first  case,  generally 
180°  Fahr. 

After  this  wort  has  been  let  into  the  under-back, 
the  third  and  last  sperge  is  made,  and  in  about  an  hour 
and  a half  the  wort  is  dra-wn  off ; its  density  is  from 
tliree  to  five  poimds  per  barrel.  Both  these  mashings 
are  pumped  into  wash-backs,  and  are  let  down  to  form 
the  first  mashings  in  the  next  day’s  brewing,  and  thus 
the  work  succeeds  by  three  sperges  or  waterings  of  the 
gi’ist ; the  first  being  drawn  off  at  the  proper  density 
for  fermentation,  while  the  remaining  two  are  re- 
tained to  be  further  strengthened  by  additional  extrac- 
tive matter. 

On  tasting  the  solution  during  the  infusion  of  the 
first  wort,  a very  peculiar  difference  is  observed.  At 
first  nothing  particularly  striking  is  apparent,  but  in 
a very  short  time  the  solution  begins  to  acquire  a 
sweetish  taste,  which  becomes  more  perceptible  till 
in  the  end  the  liquor  possesses  the  lusciousness  of 
malt  worts.  Hence  it  is  evident,  that  the  starchy 
matter  of  the  grist,  as  it  is  extracted,  is  resolved  into 
glucose,  or  grape  sugar.  Two  causes  serve  to  effect 
this  change : the  first  and  chief  agent  is  the  peculiar 
body  diastase,  wnich  is  generated  in  tbe  malt  during  the 
germination  of  the  grain.  This  body  possesses  the 
property  of  converting  much  more  starchy  matter  into 
sugar  than  is  present  in  the  malt.  It  reacts  on  the 
starch  of  the  raw  grain,  and  produces  the  same  action 
as  if  the  grain  itself  was  malted.  The  gluten  of  the 
grain  is  capable  of  producing  the  same  change,  but  it 
requires  a considerably  longer  time  than  the  active 
body  in  malt.  When  only  one  part  of  malted  barley 
is  used  to  five  of  the  ground  raw  grain,  the  excess  of 
the  vegetal  principle,  diastase,  is  sufficient  to  effect  the 
ready  transformation ; but  when  nine  parts  of  the  raw 
material  are  used  to  one  of  malt,  the  quantity  of  the 
active  principle  in  the  malt  is  inadequate  to  saccharify 
the  whole  of  the  starch,  and  a portion  is  consequently 
left  to  the  slower  action  of  the  gluten : this  accounts  for 
the  longer  time  and  greater  trouble  which  the  wort 
takes  in  preparing  for  the  still  when  a large  quantity  of 
the  raw  gi-ain  is  proportioned  to  the  malt.  When 
a wort  is  being  made,  considerable  time  elapses  be- 
fore the  starch  is  wholly  transformed  into  sugar,  and 
in  the  ordinary  period  allowed  by  the  distillers  in  the 
fabrication  of  the  worts,  this  conversion  is  never  com- 
plete, a large  portion  of  starchy  matter  remaining 
unaffected.  Thus,  if  it  be  attempted  to  make  a wort  of 
two  hundred  pounds  of  saccharine  matter  per  barrel  in 
the  ordinary  way,  the  process  fails,  in  consequence  of  the 
starchy  matters  assuming  a jelly-like  appearance  long 
before  the  above  strength  is  attained.  In  order  to 
obtain  the  strongest  wort  possible  from  raw  grain,  the 
extract,  diluted,  should  be  left  to  repose  for  a longer 
period,  during  wliich  the  gluten  reacts  like  the  diastase 
of  the  malted  grain,  and  when  the  whole  of  the  starchy 
matter  becomes  soluble,  the  solution  is  drawn  off  and 
concentrated  by  evaporation  at  a low  temperatme. 

The  specific  gravity  of  the  first  wash  is  generally 
about  1-050;  the  second  wash  has  a specific  gravity 
of  about  I'OIO  to  1'015;  the  third,  1-008 ; and  the  fourth 
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is  little  higher  than  water.  The  strongest  wort  pro- 
em-able from  grist,  containing  over  fom  parts  of  un- 
malted grain,  is  obtained  by  evaporating  the  fii’st  mash- 
ing. The  strength,  even  by  this  treatment,  never 
exceeds  one  hundred  and  fifty  pounds  of  saccharine 
matter  per  barrel,  while  the  wort  of  malt,  treated 
similarly,  may  be  obtained  of  two  hundred  pounds  to 
the  barrel. 

In  consequence  of  restrictions  once  imposed  upon 
the  distiller  by  the  Excise,  he  was  precluded  from 
attempting  to  manage  the  worts  by  any  decided  im- 
provement in  method  or  principle,  and  had  to  submit 
to  the  dictates  of  a Board,  whose  judgment,  in  such 
matters  was  often  inferior  to  his  own.  When  these 
regulations  were  first  drawn  up,  the  Scotch  distillers 
were  compelled  to  produce,  from  one  himdred  gallons 
of  wort,  nineteen  gallons  of  spirits,  of  one-to-ten  over 
hydrometer  proof,  or  of  a specific  gravity  equal  to 
0-90917.  At  a later  period,  the  quantity  of  spirits  was 
reduced  to  fourteen  gallons,  and,  still  later,  to  thirteen 
gallons,  from  the  hundred  gallons  of  wort.  The  strength 
of  the  wort  was  regulated  at  this  period,  and  specified 
at  seventy  pounds  of  saccharine  matter  per  barrel.  The 
English  distillers  were  exempted  from  these  changes 
in  the  regidations,  so  that  they  continued,  as  usual,  to 
make  their  worts  of  whatever  strength  tliey  thought 
proper  to  yield  the  nineteen  gallons  of  one-to-ten  over 
proof. 

On  the  supposition  that  the  whole  weight  indicated 
by  the  saccharometer  had  been  decomposable  matter, 
capable  of  yielding  alcohol  in  the  fermenting  tun. 
thirteen  gallons  of  the  forementioned  strength  would  be 
produced  according  to  theoretical  calculations ; but  this 
is  never  obtained  in  practice,  for,  from  repeated  experi- 
ments, conducted  on  a large  scale  with  every  requisite 
care,  it  has  been  found  that  not  less  than  fifteen  poimds 
of  saccharine  matter  remain  undecomposed,  so  that 
only  fifty-five  pounds  of  the  seventy  prescribed  by  the 
Excise  regulation  came  into  active  operation.  When 
the  quantity  of  spirits  was  nineteen  gallons  to  the 
himdred  gallons  of  wort,  it  was  made  of  the  requisite 
strength  by  producing  a concentrated  extract  of  sac- 
charine matter  from  malt,  raw  grain,  et  cetera,  and  add- 
ing it  to  the  wort  till  the  proper  density  was  obtained. 

From  the  supposition  that  this  infusion  was  made  up 
of  sugar,  treacle,  and  other  similar  articles,  the  parlia- 
ment prohibited  its  addition  to  the  wort  in  the  Scotch 
distilleries;  and  its  strength  was  limited  to  seventy 
pounds  of  saccharine  matter  per  barrel,  in  order  to 
prevent  the  secreting  of  the  excess  of  spirits  which  a 
strong  wort  would  yield  above  the  standard  quantity — 
thirteen  gallons. 

It  has  been  said  that  a wort  of  sixty-two  pounds  per 
barrel,  which  would  yield  twelve  per  cent,  of  spirit  of 
one-to-ten  strength,  or  0-90917  spec,  grav.,  is  preferable 
to  the  proportion  adopted  by  the  Excise.  The  original 
Dutch  hoUands  are  obtained  from  a wort  considerably 
weaker  than  the  above,  and  it  is  generally  admitted 
that  the  Dutch  spirits  are  superior  to  the  Scotch. 

The  whisky  made  by  smugglers  in  Scotland  was 
long  preferred  by  the  inhabitants,  and  was  purchased 
at  a higher  price,  under  the  name  of  Highland  whisky. 
This  was  partly  owing  to  its  being  made  entirely  from 


ALCOHOL Cooling. 


I 

I 

I 


malt ; but  the  chief  reason  was,  tliat,  from  the  unfavor- 
able cii’cumstances  imder  wliich  they  operated,  their 
wort  was  necessarily  much  weaker  than  the  wort  of  the 
legal  distillers,  and,  on  an  average,  was  not  much 
stronger,  probably,  than  the  wort  of  the  Dutch  hol- 
lands. 

For  a long  period,  the  illicit  production  of  spirits 
in  the  highlands  of  Scotland  was  a great  source  of 
annoyance  to  the  Excise,  and  of  trouble  to  the  parties 
illegally  distilling,  to  such  an  extent  that  several  of 
them  had  been  ruined  thereby.  The  public,  too,* 
helped  to  maintain  this  contraband  trade,  for  the 
smuggled  goods  were,  generally,  preferred  to  those 
of  the  legal  distiller,  on  account  of  the  improved  taste 
and  bouquet  which  the  former  were  supposed  to  pos- 
sess. While. this  feeling  remained,  it  was  impossible 
to  put  an  end  to  the  production  of  smuggled  whisky 
in  Scotland.  To  overcome  the  preference  of  the  in- 
habitants for  the  highland  spirit.  Government  removed 
the  restrictions  which  bound  the  manufacturers,  so  far, 
that  they  were  able  to  distd  from  malt  at  almost  the 
same  rate  as  they  before  did  from  grain.  Hence  the 
high  reputatioo  of  smuggled  whisky  has  gradually  fallen 
otf,  and  the  business  of  those  engaged  in  it  has  almost 
discontinued. 

The  chief  reason,  it  is  asserted,  that  influenced  the 
Government  to  retain  the  limitation  under  which  the 
distillers  were  placed,  was  to  insure  the  payment  of 
the  duty  on  the  spirit  actually  distilled;  yet  it  was  a 
matter  which  required  elucidation,  how  the  duty  could 
be  levied  with  gi’eater  accuracy  though  all  the  restric- 
tions on  the  strength  of  the  wort  were  removed.  Ex- 
periments have  pointed  out,  that  in  the  best-conducted 
distilleries  not  more  than  four-fifths  of  the  saccharine 
extract  in  the  wort  undergo  the  alcoholic  fermentation, 
and  that,  for  every  pound  of  such  extract  that  suffers 
decomposition  by  the  fermentative  process,  half  a pound 
of  alcohol,  spec.  grav.  0‘825,  is  produced ; since  a gal- 
lon of  the  spirits,  one-to-ten  over  proof,  or  spec.  grav. 
0'90917,  contains  four  and  three-fifth  pounds  of  alcohol 
of  spec.  grav.  0'825,  from  which  it  is  evident,  that 
for  the  production  of  a gallon  of  spirits  of  0.90917,  the 
decomposition  of  nine  and  one-fifth  pounds  of  sugar 
are  required;  but  as  only  four-fifths  of  the  quantity 
of  sugar  present  suffers  the  alcoholic  fermentation, 
eleven  and  a half  pounds  will  be  required  in  the  wort 
for  production  of  the  above  quantity  of  spirits.  The 
regulation  of  the  Excise  laws  might  be  based  upon  these 
facts,  and  the  duty  levied  on  the  wort  proportionably  to 
the  quantity  of  saccharine  matter,  allowing  eleven  and 
a half  pounds  for  every  gallon  of  spirits. 

At  present  the  distiller  can  bring  his  wort  to  any 
degree  of  strength  he  may  think  proper  or  advantageous ; 
but  he  must  give  a written  notice  of  this  to  the  Excise 
officer  in  attendance  four  hours  before  running  the 
wort  into  the  fermenting  tun,  or  he  will  incur  a penalty. 
The  duty  imposed  is  regulated  by  the  strength  of  the 
worts,  and  the  subsequent  gravities  and  measurements 
which  are  repeatedly  taken. 

In  the  employment  of  malt,  the  proportion,  in 
moderate-sized  factories,  stated  by  Urk,  is  five  hun- 
dred bushels,  coarsely  ground.  This  quantity  is 
introduced  into  the  mash  tim,  which  is  of  a size  pro- 
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portionate  to  this  supply  of  malt,  and  nine  thousand 
gallons  of  water,  at  a temperature  of  160°  Fahr.,  are 
run  in  upon  it.  The  whole  is  kept  in  brisk  agitation, 
by  machinery,  for  an  hour,  then  allowed  to  rest,  and, 
after  the  grains  have  subsided,  about  six  thousand  gal- 
lons of  wort  are  drawn  off  into  the  coolers.  From  four 
thousand  five  hundred  to  five  thousand  gallons  of  water, 
at  180°  Fahr.,  are  run  in  upon  the  residuary  grains  in 
the  tun,  and  the  mashing  continued  for  about  three 
quarters  of  an  hour;  the  mixture  is  then  allowed  to  rest, 
and  the  weak  worts  drawn  off.  A third  treatment  of 
the  grain,  with  the  same  amount  of  water  as  the  pre- 
ceding, takes  place,  in  order  to  take  up  aU  the  soluble 
matters  of  the  grain  ; and  when  this  has  been  drawn 
off,  and  the  grains  have  been  di’amed  of  all  the  solution, 
both  the  second  and  third  mashings  are  mixed,  which 
constitute  nine  thousand  gallons ; the  mixture  is  em- 
ployed next  day,  at  a temperature  of  160°,  to  mash  five 
hundi’ed  bushels  of  fresh  malt,  and  is  drawn  off  into  the 
coolers,  when  it  has  become  saturated  with  saccharine 
matter,  as  before  shown,  and  the  residuary  grain  sub- 
jected to  the  same  operation  as  the  grains  of  the  pre- 
ceding day. 

Sometimes  rye  is  used  instead  of  malt.  Ninety 
bushels  of  it  are  mixed  with  one  hundred  and  ninety 
bushels  of  raw  grain,  thus  constituting  two  hundred  and 
eighty  bushels  in  the  whole,  for  the  mashing  of  which 
five  thousand  two  hundred  gallons  of  water  are  required. 
The  temperature  of  this  water,  as  is  pointed  out  in  the 
beginning  of  the  remarks  on  this  part  of  the  subject, 
should  not  be  so  high  as  when  all  malt  has  been  used, 
and  as  was  also  stated  above,  the  time  allowed  for 
mashing  is  greater;  the  subsequent  washings  are  re- 
served for  exhausting  fresh  portions  of  grist. 

The  Cooling. — Wort  of  grain  has  a much  greater 
tendency  to  form  acetic  and  saccharic  acids  than  the 
malt  worts.  Saccharic  acid  contains  the  same  number 
of  equivalents  of  carbon  as  sugar,  and  seems  to  be  pro- 
duced from  sugar  in  the  same  way  that  the  acetic  acid 
is  from  alcohol. 

Seven  atoms  of  anhydrous  sugar  contain  the  elements 
of  one  equivalent  of  saccharic  acid,  three  equivalents  of 
melassic  acid,  and  seventeen  equivalents  of  water ; and 
this  is  at  once  shown  by  the  annexed  formulae : — 


Seven  equivalents  of  sugar, 
equal  Cgj  11,-^^  0,-3. 


1 Saccharic  acid, . . C,2  H,g  0,g 
3 Melassic  acid,  . . Cj2  H31!  Ogg 
17  Water, II,,  0,j 


'“*G3 


On  account  of  the  liability  to  acetification  above  | 
alluded  to,  it  becomes  the  important  business  of  the  dis-  j 
tiller  to  oppose  it,  which  is  done  by  bringing  the  solution 
as  speedily  as  possible  to  that  temperature  at  which  the 
fermentation  proceeds.  Various  methods  are  pursued  . 

by  different  distiUen,  according  to  the  extent  of  the  I 

factory.  j 

In  several  of  the  factories  the  coolers  are  shallow  | 
rectangular  vessels,  into  which  the  first  wort  is  pumped  j 
as  soon  as  it  has  passed  the  under-back,  to  the  depth  of 
two,  three,  four,  or  more  inches.  The  coolers  in  Messrs. 
Macfarlane’s  distillery  are  two  in  number,  each  being 
one  hundred  and  twenty-four  feet  in  length,  by  thirty- 
two  in  breadth,  and  nearly  a foot  deep.  Fig.  39  repre- 
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seiits  one  of  these  coolers.  They  are  placed  at  the 
upper  part  of  the  building,  one  over  the  other,  and  are 
open  on  aU  sides  to  the  winds.  Over  each  cooler  is 
fixed  three  flighters,  or  machines  like  horizontal  wind- 
mills, which,  as  they  are  made  to  revolve  rapidly  by 
means  of  an  engine,  sweep  a powerful  air-current  over 
the  worts,  producing  also  a circular  current  in  the  liquid. 


which  makes  it  traverse  the  coolers  equally.  As  the 
wort  is  introduced  into  these  coolers,  it  stands  at  135° 
to  140°  Fahr.,  and  is  cooled  here  to  70°  or  80°,  the 
temperature  at  which  it  stands  when  run  into  the 
fermenting  tuns ; this  cooling  is  effected  in  about  five 
hours  in  the  winter-time,  but  requires  eight  or  nine  hours 
in  the  summer  season. 


Fig.  so 


An  improved  method  of  cooling  the  wort  has  lately 
been  followed,  videlicet,  by  conveying  the  hot  liquid 
through  a course  of  tin  piping  placed  in  a stream  of 
cold  water.  By  this  means,  and  the  use  of  the  proper 
extent  of  piping,  the  wort  may  be  cooled  down  to  the 
temperature  of  the  surrounding  water,  or  any  other 
intermediate  degree  that  may  prove  most  advantageous. 
Worts  cooled  down  by  this  means  lose  none  of  the 
water  by  evaporation,  as  they  otherwise  would  do  if 
cooled  in  the  flat  shallow  wooden  coolers,  and  conse- 
quently, with  the  exception  of  the  little  alteration  in 
gravity  the  difference  of  temperature  occasions,  the 
worts  remain  of  the  same  density  that  they  indicated 
when  drawn  from  the  under-back. 

Fermentation  is  the  most  important  stage  through 
which  the  materials  in  the  hands  of  the  distiller  have 
to  pass,  and  one  which  not  only  demands  considerable 
skill  and  attention  for  its  proper  management,  but  also 
requires  extensive  knowledge,  both  of  the  principles  of 
chemistry,  and  of  practical  results.  Indeed,  the  success 
of  the  operation  almost  entirely  depends  on  the  fer- 
mentation of  the  wort ; and,  unless  governed  with  due 
care  and  dexterity,  a failure  will  be  the  consequence. 
If  the  distiller  possesses  superior  knowledge,  and  is 
acquainted  with  scientific  data,  a favorable  field  for 
practice  is  offered  to  him,  to  bring  those  acquirements 
to  bear  upon  this  part  of  his  business.  The  proper  fer- 
mentation of  worts  oftentimes  baffles  the  most  skilful, 
the  process  being  so  changeable  in  its  nature.  Formerly, 
the  Scotch  distillers  used  to  add  three  and  a half  per 
cent,  of  fresh  yeast,  or  four  to  four  and  a half,  and  some- 
times five  per  cent,  by  measure  of  stale  yeast,  to  tlie 
wort  in  the  fermenting  tun.  The  whole  of  the  yeast 
was  not  added  at  once,  but  in  two,  three,  four,  or  more 


quantities.  Usually  one  and  a quarter  to  one  and  a half 
per  cent,  of  yeast  was  added  the  first  day,  and  the  re- 
mainder on  the  second  and  third  days;  though  some 
managed  by  introducing  the  whole  of  the  remaining 
yeast,  after  the  first  addition,  on  the  third  day,  and,  if 
requisite,  a further  quantity  to  complete  the  fermenta- 
tion. Fresh  yeast,  if  it  could  be  obtained,  was  taken 
at  first,  and  the  succeeding  quantity  put  in  might  be 
stale  yeast;  in  which  case  a larger  measure  was  em- 
ployed than  if  the  ferment  were  fresh. 

The  large  amoimt  of  yeast  formerly  employed  was  in 
consequence  of  the  great  density  of  the  worts.  Dis- 
tillers now  generally  use  from  one  to  one  and  a half 
per  cent,  of  fresh  yeast,  very  rarely  two  per  cent.  Of 
this  about  three-fourths  per  cent,  are  added  when  the 
wort  is  let  into  the  tun,  and  the  remainder  after  the 
second  day — sometimes  when  the  attenuation  reaches 
1'030  or  1-035.  The  quantity  subsequently  added  may 
be  stale  yeast,  taking,  however,  a little  excess  over  the 
usual  allowance  of  the  fresh  ferment. 

This  yeast  is  invariably  obtained  from  the  large 
London  porter  breweries,  the  quantity  produced  in  the 
pro^uncial  ones  being  insufficient.  The  portion  of 
yeast  which  is  thrown  off  the  porter  during  its  fermen- 
tation, is  the  best;  but  often  that  sold  is  tlie  slimy 
dregs  which  remain  in  the  bottom  of  casks  when  the 
clear  porter  is  racked  off.  A great  deal  of  the  success 
of  the  fermentation  depends  upon  the  goodness  of  the 
yeast,  and  the  quantity  used  is  regulated  by  its  fresh- 
ness. 

In  the  course  of  fermentation,  the  liquid  incalesces 
about  20°  Fahr.  above  its  ordinary  temperature. 
Donovan  gives  the  following  as  a fair  statement  of 
the  specific  gravity  and  temperature  of  the  wort  of  a 
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five  days’  fermentation,  the  original  specific  gravity 

Two  reasons  may  be  offered  for  the  diminished  spe- 

being  1‘050 : — 

cific  gravity  after  fermentation. 

First  morning,  temp.,  70° ; spec.  grav.  of  wort,  1‘050 
“ evening,  . . 70°  . . . . 1-050 

Second  mormng,  ..  72°  ..  ..  1-046 

1.  The  disappearance  of  the  saccharine  matter  in 
the  fluid,  which,  were  it  not  for  other  fixed  bodies  pre- 
sent, would  lower  the  density  to  that  of  distilled  water. 

“ evening,  ..  76°  ..  ..  1-032 

The  whole  of  the  sugar,  however,  is  not  decomposed, 

Third  morning,  . . 80°  . . . . 1 022 

“ evening,  . . 84°  . . . . 1-012 

and,  consequently,  the  specific  gravity  of  the  fermented 

Fourth  moniing,  ..  88°  ..  ..  1-007 

“ evening,  ..  88°  ..  ..  1-005 

Fifth  morning,  . . 88°  . . . . 1-003 

“ evening,  . . 86°  . . . , 1-001 

wort,  apart  from  the  consideration  of  the  alcohol  gene- 
rated, would  be  proportionally  greater  than  the  water 
in  its  ordinary  state,  as  the  quantity  of  undecomposed 
matter  is  more  or  less. 

Tlie  time  occupied  by  the  fermentation  varies,  ex- 

2.  The  results  of  the  fermentation  are  carbonic  acid. 

tending  over  a period  of  between  three  and  six  days. 

which  escapes,  and  alcohol,  which  remains ; the  alcohol. 

and,  on  some  occasions,  seven  or  nine  days.  Difference 

having  a less  specific  gravity  than  water,  diminishes  the 

of  season  has  a great  influence  on  the  celerity  or 

density  of  the  latter.  The  aim  of  the  distiller  is  to  have 

slotvness  of  the  fermentation.  During  the  first  few 

the  attenuation  of  the  wort  to  correspond  with  water. 

days  the  tuns  are  exposed  as  much  as  possible  to  the 

which  may  be  readily  done,  provided  his  yeast  is  toler- 

atmosphere,  and  after  this  time  they  are  covered  over 

ably  good,  and  that  his  worts  are  dilute.  Wlien  this 

tightly  to  exclude  the  air.  Two  reasons  have  been 

ohjept  is  gained,  it  does  not,  however,  follow,  as  many  of 

alleged  for  this  arrangement : first,  to  prevent  the  escape 

them  suppose,  that  tlie  whole  of  the  saccharine  matter 

of  the  carbonic  acid,  which,  it  is  supposed,  forwards  the 

has  been  decomposed.  The  weight  of  a voliune  of 

action ; and,  secondly,  if  suffered  to  diffuse  itself  into 

alcohol  being  much  less  than  that  of  a corresponding 

the  atmosphere,  it  would  carry  off  portions  of  the  alco- 

volume  of  water,  it  is  evident,  if  both  be  comminuted. 

hoi.  For  the  first  supposition,  some  explanation  may 

that  the  resulting  liquid  will  have  a specific  gravity  less 

be  offered.  It  seems  that  the  carbonic  acid,  when 

than  the  latter ; and  to  make  up  the  strength,  so  as  to 

confined,  causes  the  greater  attenuation  of  the  liquid. 

equal  the  density  of  water,  a greater  or  less  amount 

It  is  known  that  the  carbonic  acid  from  fermenting  tuns. 

of  saccharine  matter  is  requisite,  or,  in  other  words. 

when  conducted  through  fresh  worts,  causes  fermenta- 

a quantity  of  saccharine  matter  remains  undecom- 

tion ; but  this  is  not  so  complete  as  when  yeast  is  added. 

posed,  which  raises  the  density  considerably  higher  than 

It  may,  however,  happen,  that  a portion  of  the  active 

that  of  water  at  ordinary  temperatm-es.  Generally, 

principle  of  the  ferment  is  carried  over  mechanically. 

this  quantity  of  rmdecomposed  sugar  increases  with  the 

and  that  by  this  the  fermentation  is  caused,  it  being 

original  strength  of  the  worts,  as  the  alcohol  generated 

doubtful  whether  carbonic  acid  generated  from  any 

in  the  proportionate  bulk  of  those  extracts  is  larger; 

other  source  would  have  the  same  effect.  With  regard 

and  with  it  the  decomposition  of  the  saccharine  matter 

to  the  second  reason,  it  is  scarcely  admissible,  as  the 

is  partially  arrested,  in  consequence  of  the  property  which 

fermentation  is  nearly  terminated  before  shutting  down 

alcohol  has  of  preventing  eremacausis,  or  fermentation. 

the  tuns. 

This  fact  is  easily  proved  by  adding  some  alcohol  to  a 

Distillers  never  take  yeast  from  the  fermenting  tuns, 
but  beat  it  into  the  hquid,  being  of  opinion  that  any 

portion  of  the  wort  in  active  fermentation,  so  that  the 
hquid  wfll  indicate  a specific  gravity  equal  to,  or  a little 

such  abstraction  would  render  the  fermentation  less 

helow  water;  the  action  of  the  ferment  is  arrested,  and 

complete,  and  consequently  diminish  the  proportion  of 

the  sugar,  necessarily,  remains  in  the  liquid  intact. 

spirit. 

If  the  solution  be  introduced  into  a retort,  or  small 

The  best  temperature  for  the  wort,  when  let  into  the 

common  copper  stiU,  and  about  one-third  of  the  liquid 

fermenting  tuns,  is  about  70°  to  75°  Fahr.  in  winter,  but 

drawn  off  at  the  temperature  of  the  water-bath,  the 

often  it  stands  about  57° ; during  the  fermentation  the 

spent  wash  in  the  stfll  run  once  more  into  a vessel,  and 

temperature  rises  20°  or  25°  Fahr.,  being  at  the  maxi- 

a little  yeast  added,  active  decomposition  of  the  sugar 

mum  elevation  between  82°  and  90°.  When  the  heat 

sets  in,  and  a corresponding  quantity  of  alcohol  and 

of  the  liquid,  at  the  commencement  of  the  fermenta- 

carbonic  acid  is  produced.  The  case  is  similar  in  the 

tion,  is  about  70°,  the  acquired  caloric  will  be  apt  to 

fermentation  on  a large  scale : and  the  annexed  table, 

raise  the  liquid  to  a degree  which  is  favorable  to  its 

which  is  taken  from  the  Encyclopedia  Britannica,  shows 

acetification ; hence  great  care  must  be  exercised  to 

this  in  a clear  manner.  The  density  of  the  nine  worts 

prevent  the  temperature  exceeding  95°. 

examined  ranged  about  1'045,  and  the  degrees  of  atten- 

Difference  in  the  time  of  the  fermentation  of  worts  is 

nation  to  which  they  were  reduced  were  as  follows : — 

nearly  always  observed,  owing  to  the  variation  of  the 
quality  of  the  yeast.  As  the  fermentation  proceeds,  the 
specific  gravity  of  the  wort  diminishes,  in  consequence  of 
the  decomposition  of  the  saccharine  matter  into  carbonic 
acid  and  alcohol,  which  is  expressed  by  the  distillers  as 
attenuation,  and  is  the  standard  by  which  they  judge  of 
the  success  of  the  operation.  The  amount  ot  spirit 
which  the  wash  or  wort  will  yield,  may  be  known 

1.  Specific  gravity  after  attenuation 1-0012 

2.  “ “ 1-0045 

3.  “ “ 1-0O18 

4.  “ “ 1-0000 

0.  “ “ 1-0012 

6.  “ “ 1-0045 

7.  “ “ 1-0047 

8.  “ “ 1-0007 

9.  “ “ 1 0007 

from  the  determination  of  the  specific  gravity,  or  degree 

Upon  examining  the  wash  after  the  termination  of 

of  attenuation,  which  has  taken  place. 

the  fermenting  action,  it  was  found  that  4'34  parts  of 
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the  sugar  had  been  decomposed,  and  that  one  part 
remained  intact;  thus  showing,  that  when  worts  are 
even  purposely  diluted,  nearly  a fifth  part  of  the  sac- 
charine matter  will  escape  decomposition ; and,  where 
worts  are  much  stronger,  or  more  concentrated,  of 
course  the  loss  will  he  much  greater;  On  the  large  scale, 
the  attenuation  cannot  often  be  carried  below  1’0012. 
Some  rare  instances  may  occur,  in  which  the  specific 
gravity  may  be  reduced  to  I'OOO,  or  even  0’998 ; but 
in  these  instances,  the  worts  must  be  in  a proper 
state  of  dilution,  and  the  ferment,  or  yeast,  of  the  first 
quality. 

Ure  mentions  the  works  of  a Scotch  distiller,  where 
the  wash,  when  let  into  the  tun,  had  a specific  gravity 
of  1’065  to  1‘060.  The  contents  of  the  fermenting 
tun  are  stated  at  three  thousand  gallons  of  wash,  and  the 
temperature,  at  the  time  of  its  introduction,  64°  to  74° 
Fahr.  Two  gallons  per  cent,  of  barm  were  added,  and 
the  liquid  agitated.  When  the  attenuation  had  reached 
1'04,  another  gallon  per  cent,  of  barm  was  added.  He 
further  remarks,  that  if  the  fermenting  tuns  are  small, 
the  temperature  of  the  worts  should  be  higher  than 
when  the  reverse  is  the  case.  Fermentation  is  known 
to  proceed  favorably  when  the  bubbles  of  carbonic  acid 
mount  in  rapid  succession.  Should  the  fermentation 
flag,  it  is  almost  a hopeless  task  to  restore  vigorous 
action.  Some  try  the  addition  of  hubs — wort  brought 
into  a rapid  state  of  fermentation  in  a tub  by  a large 
proportion  of  yeast — ^but  this  plan  is  seldom  successful ; 
besides,  the  law  prohibits  the  addition  of  any  wort 
after  the  expiration  of  twenty-four  hours  from  the  time 
the  fermenting  tun  is  charged,  and  if  it  be  known  that 
after  that  time  any  has  been  added,  the  distiller  incurs 
a penalty. 

With  concentrated  worts  the  fermentation  goes  on 
briskly  for  a short  time,  and  then,  after  the  alcohol  has 
accumulated,  the  fermentation  lags,  and  no  further  ad- 
dition of  yeast  will  revive  it.  Donovan  found  that  the 
saccharine  matter  in  such  fermented  worts  possessed  a 
highly  disagreeable  taste  and  smell.  Hence  the  neces- 
sity of  having  the  worts  properly  diluted,  to  avoid  too 
great  a waste  of  saccharine  matter ; yet  the  worts  must 
not  be  too  dilute,  for  then  the  fermentation  will  sooner 
cease,  and  the  diluted  alcohol  will  be  more  apt  to 
run  into  the  acetous  fermentation.  The  attenuation  is 
urged  no  longer  than  the  time  that  the  head  of  yeast 
falls,  the  distiller  thinliing  it  more  advantageous  to 
overlook  the  matter  remaining  undecomposed,  than 
risk  the  loss  which  he  would  expose  himself  to  from 
the  formation  of  vinegar.  Indeed,  unless  immediate 
distillation  of  the  fermented  wort  is  resorted  to,  a 
heavy  loss  is  often  incurred  from  this  source,  and  more 
so  if  the  alcoholic  Hquor  be  exposed  to  the  air  for  any 
considerable  time.  Tliis  is  noticed  by  the  increasing 
specific  gravity  of  the  worts,  and  the  peculiar  aroma  of 
acetic  acid.  It  is,  however,  easily  guarded  against ; 
generally,  distfilation  is  resorted  to ; but  if  atmosphe- 
ric air  be  excluded  from  the  fermented  liquor,  no  in- 
jury is  sustained.  For  this  purpose  the  tuns  are  ren- 
dered air-tight  by  means  of  a well-fitting  cover,  through 
which  a large  tube  passes,  and  enters  the  bottom  of  an 
open  tub  placed  over  the  fermenting  tun,  wliich,  in 
this  instance,  is  filled  quite  full  > the  bann  and  froth 


rising  are  forced  through  the  pipe  into  the  open  tub, 
and  when  the  fermentation  slackens,  these  matters  re- 
turn into  the  tun.  Many  distUlers  use  butter  to  keep 
the  wash  from  overflowing  the  tun.  In  general,  the 
fermenting  tuns  are  conical  vessels  of  larger  capacity 
than  is  required  to  hold  the  wash  when  first  introduced, 
which  serves  the  double  purpose  of  containing  the  froth, 
and  preventing  the  escape  of  the  heat  generated  during 
the  process. 

At  present,  in  the  larger  distilleries,  the  fermenting 
tuns  are  of  iron,  and  have  an  outer  casing  of  wood. 
These  are  found  to  be  much  more  easily  managed  than 
the  wooden  ones,  the  iron  having  a greater  conducting 
power.  Should  the  heat  of  the  wort  get  too  high, 
cold  water  is  introduced  into  the  space  between  the 
envelope  and  tun ; and  if  it  be  too  cold,  it  is  readily 
brought  to  the  proper  temperature  by  supplying  hot 
water. 

As  a good  attenuation  is  the  great  desideratum,  to 
the  attainment  of  which  the  distiller’s  attention  is 
particularly  directed,  it  may  be  advisable,  before  clos- 
ing this  part  of  the  subject,  to  enter  more  fuUy  into 
its  nature,  and  inquire  into  the  causes  which  affect 
it,  alluding,  at  the  same  time,  to  the  alcoholic  fermen- 
tation. 

Fermentation  may  be  regarded  as  the  putrefaction 
of  a substance  void  of  nitrogen.  A change  of  proper- 
ties is  produced  in  the  substances  fermented,  arising 
from  new  combinations  of  their  principles.  Sugar,  for 
example,  is  converted  into  alcohol  and  carbonic  acid, 
by  the  process  of  alcoholic  or  vinous  fermentation. 
This  process,  viewed  under  its  simplest  conditions,  con- 
sists in  adding  a certain  quantity  of  yeast,  or  other  fer- 
ment, to  an  aqueous  solution  of  sugar.  Carbonic  acid 
shortly  begins  to  be  eliminated,  and  the  alcohol,  simul- 
taneously produced,  unites  with  the  water. 

In  ad^tion  to  the  alcohol  and  carbonic  acid  formed 
by  the  decomposition  of  the  juice,  there  is  also  produced 
a yellow  or  grey  insoluble  substance,  containing  a large 
quantity  of  nitrogen.  It  is  this  body  which  possesses 
the  power  of  inducing  fermentation  in  a new  solution  of 
sugar,  and  which  has,  in  consequence,  received  the  name 
of  ferment. 

Yeast  from  beer,  and  that  from  wine,  examined  under 
the  microscope,  present  the  same  form  and  general 
appearance.  They  are  both  acted  on  in  the  same 
manner  by  allcalies  and  by  acids,  and  possess  the  power 
of  inducing  fermentation  anew  in  a solution  of  sugar : 
in  short,  they  are  considered  identical.  The  alcohol 
and  carbonic  acid  are  produced  from  the  elements  of 
the  sugar,  and  the  ferment  from  those  nitrogenized 
constituents  of  the  juice,  termed  gluten,  or  vegetal 
albumen. 

The  fermentation  of  pure  sugar  in  contact  with  yeast, 
is  evidently  a very  different  process  from  the  fermen- 
tation of  wort,  or  of  must — the  liquid  expressed  from 
grapes  when  fully  ripe. 

In  the  former  case,  the  yeast  disappears  during  the 
decomposition  of  sugar ; but  in  the  latter,  a transfor- 
mation of  gluten  is  effected  simidtaneously,  by  which 
ferment  is  generated.  Thus  yeast  is  destroyed  in  the 
one  case,  but  is  formed  in  the  ether. 

The  experiment  may  be  most  conveniently  exhi- 
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bited  and  conducted  upon  a small  scale  in  an  appa- 
ratus like  the  annexed — Fig.  40.  The  syrup  and  yeast 
are  introduced  into  the  bottle,  A,  from  which  a bent 
tube  issues,  passing  under  the  inverted  jar  placed  in 
the  water-trough,  b.  It  will  now  be  found,  that  all 


Fis.  40. 


that  is  requisite  to  induce  fermentation,  and  the  conse- 
quent production  of  alcohol  from  the  above  materials, 
is  to  subject  them  to  a due  temperature— say  between 
70°  and  80° ; they  then  soon  begin  to  act  upon  each 
other,  and  the  principal  points  to  be  noticed  are — 

Firstly,  that  carbonic  acid  is  evolved ; 

Secondly,  that  the  sugar  slowly  disappears  ; 

Thirdly,  that  alcohol  is  gradually  formed. 

It  will  be  further  observed,  that  the  contact  of  air,  or 
oxygen,  is  unnecessary.  It  is,  indeed,  in  many  in- 
stances injurious. 

As  respects  the  quantitative  results  of  this  experi- 
ment, it  has  been  ascertained  by  Dubeunfaut,  Boul- 
LAY,  and  Dumas,  that  by  commencing  with  cane 
sugar,  it  is,  in  the  first  instance,  converted  into  glu- 
cose, or  grape  sugar,  and  that  the  grape  sugar  is  then 
resolved  into  carbonic  acid  and  alcohol. 

Now,  grape  sugar,  which,  in  its  ordinary  hydrated  or 
crystalline  state,  is  Cj^  Hj^  Oj^,  loses,  when  carefully 
dried  at  a little  above  212°,  two  atoms  of  water,  and 
becomes  H^^  0^^ ; and  assuming  such  to  be  its  com- 
position, one  atom  of  the  anhydrous  grape  sugar  would 
be  resolved  exactly  into  four  atoms  of  carbonic  acid 
and  two  atoms  of  alcohol ; or,  in  other  words,  one  hun- 
dred and  eighty  parts  of  the  dry  grape  sugar  would 
yield  eighty-eight  parts  of  carbonic  acid,  and  ninety- 
two  of  alcohol ; the  results  of  experiment  confirm  this 
theoretical  deduction : 

atoms  of  carbonic  acid,  C4  O3 

2 atoms  of  alcohol, Cg  Hjj  O4 

— 

1 atom  of  sugar, Cjg  Hjg  0,2 

If  the  starting  point  be  cane  sugar  Cj^  Ojj,  it 
yields  somewhat  more  than  its  weight  of  carbonic  acid 
and  alcohol,  inasmuch  as  it,  in  the  first  instance, 
assumes  an  atom  of  water  to  form  grape  sugar ; but 
if,  on  the  other  hand,  common  grape  sugar  Cj^  Hj4  Oj4 
be  taken,  it  affords  less  than  its  weight  of  carbonic 
acid  and  alcohol,  because  it  contains  two  atoms  of 
water  in  excess.  Hence  it  is  seen  that  one  hundred 
and  seventy-one  parts  of  cane  sugar,  produce  one 
hundred  and  eighty  parts  of  carbonic  acid  and  alcohol, 
while  one  hundred  and  ninety-eight  parts  of  common 
grape  sugar  give  the  same  results.  It  is  also  foimd 
that  a very  small  quantity  of  yeast  is  required  to 
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excite  the  fermentation  of  grape  sugar  or  glucose, 
whereas  cane  sugar  requires  a much  larger  propor- 
tion. 

In  the  production  of  beer  and  wine,  and  in  the  case 
of  the  fermentation  of  a solution  of  sugar,  as  just  de- 
scribed, the  results,  as  relate  to  the  production  of  alco- 
hol, are  the  same ; the  sugar  is  decomposed  in  conse- 
quence of  the  presence  of  a ferment.  When  yeast  is 
used,  its  particles  are  seen  to  become  covered  with 
small  bubbles  of  carbonic  acid,  which  cause  them  to 
rise  to  the  surface  of  the  hquor,  where  they  discharge 
them,  and  as  they  again  sink,  they  gradually  acquire 
a fresh  coating  of  bubbles,  which  tliey  carry  up  as 
before;  in  this  way,  that  intestine  motion  of  the 
whole  menstruum  is  produced,  so  characteristic  of 
active  fermentation.  The  process  is  also  attended  by  a 
considerable  elevation  of  temperature,  and  when  com- 
plete, the  liquor  clarifies,  the  yeast  precipitates,  the 
sugar  has  disappeared,  and  in  its  stead  is  found  alcohol. 
A trace  of  ammonia  also  makes  its  appearance. 

These  extraordinary  changes  can  only  be  induced  by 
the  action  of  yeast,  or  some  analogous  ferment.  Its 
modus  operandi  has  been  the  subject  of  much  experi- 
ment and  discussion,  and  involves  some  very  curious 
considerations. 

Mitscherlich  has  proved  that  actual  contact  of  the 
particles  of  the  yeast  with  the  dissolved  sugar  is  essen- 
tial. He  suspended  a wide  glass  tube,  the  bottom  of 
which  was  made  of  bibulous  paper,  in  a jar  of  a solu- 
tion of  sugar,  the  tube  being  itself  filled  with  the  same 
solution.  Some  yeast  was  then  put  into  the  syrup 
contained  in  the  tube,  where  it  soon  induced  fermenta- 
tion, and  the  alcohol  there  formed  passed  through  the 
pervious  bottom,  and,  together  with  carbonic  acid, 
diffused  itself  in  the  surrounding  hquor ; but  the  real 
phenomena  of  fermentation,  namely,  the  destruction  of 
the  sugar  and  the  formation  of  alcohol  and  of  carbonic 
acid,  were  limited  to  the  syrup  in  the  tube  containing 
the  ferment,  and  the  sugar  in  the  outer  vessel  remained 
unchanged.  Yeast  which  has  been  deprived  of  all 
mattar  soluble  in  water,  stiU  retains  its  power  of  excit- 
ing fermentation.  The  active  part  of  yeast,  or  barm, 
is  composed  of  minute  vesicles,  containing  globules, 
and  these  germinate  in  the  saccharine  liquor,  and  pro- 
duce a microscopic  plant. 

Few  productions  have  created  more  interest,  or  excited 
greater  discussion  among  chemical  philosophers,  than 
yeast,  and  its  natoe  and  mode  of  operation  have  been 
the  source  of  many  an  anxious  and  keen  inquiry.  These 
points  are  now,  however,  to  a very  great  extent  set  at 
rest ; its  fungoid  character  is  generally  admitted,  and 
its  action  in  inducing  fermentation  pretty  well  under- 
stood. 

In  one  part,  however,  the  history  of  the  yeast  plant 
is  stiU  incomplete,  and  this  relates  to  its  development. 
Most  observers  admit  that  the  yeast  fungus,  in  the  dif- 
ferent forms  of  yeast  in  use,  is  in  an  incomplete  state 
of  development,  and  many,  influenced  by  this  conviction, 
have  made  attempts  to  discover  the  plant  in  its  perfect 
condition . Such  was  the  motive  which  induced  T urpin, 
in  the  ardour  of  scientific  zeal,  to  spend  a whole  night  in 
a brewery,  in  order  to  trace  out  the  successive  steps  in 
the  germination  of  the  yeast  plant;  and  although  he 


ALCOHOL Fermentation. 


G8 


has  stated  that  he  made  out  distinctly  that  the  cells  of 
sporules  became  multiplied  by  budding,  and  that  they 
adhered  in  couples,  and  even  in  rows,  according  to  the 
time  which  had  elapsed  after  the  commencement  of  the 
germination,  yet,  as  will  be  presently  seen,  he  failed  to 
discover  the  fungus  in  its  perfect  form.  Animated  with 
the  like  desire  of  discovering  the  true  development  of 
this  curious  production,  Pereira  bestowed  much  time 
and  attention  in  its  examination.  He  examined  yeast 
at  Messrs.  Hanbury  and  Buxton’s  brewery  in  London, 
at  various  stages  of  the  fermentation  of  both  porter  and 
ale,  from  a few  hours  to  many.  In  the  more  advanced 
stages  of  fermentation,  he  observed  that  globules  of  yeast 
were  frequently  in  strings  or  rows,  apparently  forming 
moniliform,  often  branched  plants ; but  as  the  cells  were 
very  readily  separable,  he  could  not  satisfy  himself  that 
the  adhesion  was  otherwise  than  mechanical,  such  as  is 
observed  in  the  blood-discs,  when  they  arrange  them- 
selves in  series  like  money-rolls,  and  such  as  we  some- 
times perceive  even  in  organic  amorphous  precipitates. 
His  experience  agrees  with  Schlossberger,  who  states 
that  he  never  could  perceive  a budduig  or  bursting  of 
the  yeast  cells,  accoijppanied  by  a discharge  of  their 
contents,  nor  could  he  ever  produce  this  by  com- 
pression. 

These  curious  brachial  and  other  adjustments  of  the 
cells  of  yeast  to  each  other,  appeared  to  be  the  work  of 
chance ; it  is,  however,  proper  to  add,  that  the  artificial 
rupture  of  the  cells  has  been  effected  by  Mitscherlich, 
who  also  confirms  Turpin’s  observation  of  the  budding 
of  the  yeast  cells. 

M.  Eobin,  after  describing  the  development  of  the 
sporules  by  budding,  remarks: — Only  this  mode  of 
propagation  of  the  vegetal  is  known : its  fructification 
in  the  air  has  not  been  seen,  nor  can  it  be  seen,  be- 
cause it  perishes  at  the  part  at  which  it  is  in  contact 
v/ith  the  atmosphere,  so  that  it  cannot  yet  be  classed 
amongst  the  fungi  which  fructify  only  in  the  air,  nor 
even  among  the  algae,  from  which  it  is  separated  by 
very  many  particulars,  and  which  bear  fruit  imder  the 
water. 

Dr.  Hassall,  another  zealot  in  the  same  cause, 
performed  many  diligent  examinations  of  the  yeast 
plant,  and  succeeded  in  tracing  it  through  aU  the  stages 
of  its  growth  to  its  perfection.  He  classes  the  growth 
into  distinct  stages,  as  follows : — 

First  stage,  or  that  of  sporules. — In  this,  the  ordinary 
state  in  which  the  yeast  plant  is  met  with,  it  consists 
entirely  of  sporules;  these  are  for  the  most  part  separate, 
but  sometimes  feebly  united  in  twos,  threes,  and  even 
in  greater  numbers;  they  vary  in  size  and  form,  some 
are  several  times  smaller  than  others,  and  nearly  all 
contain  one  or  two  nuclei,  which  are  the  germs  of  future 
sporules.  Fig.  41  represents  the  yeast  fungus  in  the 
fii’st  stage  of  its  growth. 

Second  stage,  or  that  of  thallus. — After  the  lapse  of 
some  days,  and  under  favorable  circumstances,  the 
iporules  become  much  elongated ; a division  or  a parti- 
tion appears  in  each,  on  which  account  it  is  formed 
into  two  distinct  cells;  the  extension  still  continuing, 
other  septa  appear,  until  at  length,  jointed  threads — at 
first  simple  and  undivided,  and  afterwards  jointed — are 
formed,  and  the  plant  now  exists  in  the  form  of  root- 


like threads,  or  thallus.  The  yeast  plant,  in  the  state  of 
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thallus,  constitutes  Mycoderma  cerevisim  of  Desma- 
GIERES.  See  Fig.  42. 

Third  stage,  or  that  of  aerial  fructification. — After 


Fig.  42. 


the  lapse  of  a further  time,  vertieal  threads  spring  up 
from  the  thallus.  Fig.  43 ; these,  when  the  plant  has 
reached  its  complete  development,  become  branched, 
each  branch  bearing,  at  its  extremity,  a row  of  rounded 
and  beaded  corpuscles,  which  are  about  the  size  of  the 
sporules,  but  differ  from  those  bodies  in  their  darker 
color  and  firmer  texture.  Occasionally,  in  the  rows  of 
beaded  corpuscles,  one  cell  several  times  larger  than 
the  rest  is  seen. 

Such  is  a brief  description  of  the  development  of  the 
yeast  plant  in  its  several  stages. 

From  a consideration  of  the  structure  of  the  sporules 
of  the  yeast  plant,  their  evident  fungoidal  character 
their  rapid  growth,  et  cetera,  Hassall  concludes  that 
the  reason  why  the  true  or  aerial  reproduction  had 
never  been  discovered,  was  to  be  found  in  the  fact,  that 
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the  yeast  being  used  always  in  the  state  of  sporules, 
sufficient  time  was  not  allowed  to  it,  under  ordinary 
circumstances,  to  attain  its  full  development,  for  which 

Vic.  43. 


purpose,  probably,  many  days  would  be  required.  To 
prove  the  validity  of  this  inference,  he  placed,  in  an 
eight  ounce  bottle,  a table-spoonful  of  malt,  poured 
over  this  about  four  ounces  of  hot  water,  and  partially 
closing  the  mouth  with  a perforated  cork,  set  it  aside 
for  a fortnight.  At  this  time  he  found  that  the  aerial 
production  had  taken  place,  which  other  observers 
failed  to  detect.  Hence  the  German  algologist,  Kurt- 
ziNG,  is  in  error,  in  regarding  it  as  a confervoid  pro- 
duction. 

The  plant,  it  appears,  grows  at  the  expense  of  the 
sugar,  giving  out  carbonic  acid,  and  leaving  alcohol. 
The  active  part  of  yeast  remaining  after  it  has  been 
well  washed  with  water,  consists  of — 

Mitscherlicb. 


Carbon,  47-00 

Hydrogen, 6-60 

0.vygen, 35-80 

Nitrogen, 10-00 

Sulphur, 0-60 


100-00 

It  also  contains  a trace  of  phosphorus,  and  of  fixed 
bases.  Of  this  yeast,  from  two  to  three  parts  are  re- 
quired for  the  decomposition  of  one  hundred  parts  of 
sugar ; and  if  there  be  an  excess  of  sugar,  it  remains 
unaltered  after  the  fei-mentation. 

That  portion  of  the  yeast  which  remains  in  the  form 
of  a deposit,  after  fermentation  is  over,  is  inefficient  as 
a ferment.  It  appears,  when  examined  under  the 
microscope,  to  consist  of  the  ruptured  cells,  and  is  un- 
susceptible of  vegetation ; so  that,  during  the  fermenta- 
tion of  sugar,  a certain  portion  of  the  yeast  plant  dies, 
and  is  decomposed,  the  living  plant  being  required  to 
sustain  the  fermentative  process.  If  more  yeast  be 
present  than  is  required  for  the  decomposition  of  a cer- 
tain quantity  of  sugar,  the  deposit  which  is  in  that  case 
formed  consists  partly  of  broken  and  partly  of  entire 
cells,  and  the  latter  retain  their  power  of  inducing  fer- 
mentation. It  would  further  appear,  that  the  portion 


of  the  yeast  which  has  become  inert  as  a ferment,  has 
lost  the  greater  part,  if  not  the  whole,  of  its  nitrogen; 
and  certainly,  one  of  the  results  of  the  changes  which 
ensue  during  saccharine  fermentation,  appears  to  be  the 
formation  of  ammonia,  which,  though  so  small  in  quan- 
tity as  generally  to  elude  observation,  may  be  detected 
amongst  the  gaseous  products. 

For  the  formation  of  yeast  or  ferment,  the  requisites 
appear  to  be,  tlie  presence  of  sugar  and  of  a nitrogenized 
principle  in  aqueous  solution,  and  the  contact  of  air. 
A solution  of  pure  sugar  undergoes  no  change,  but  the 
addition  to  it  of  any  proteiniferous  compound,  with  the 
access  of  air,  induces  fungous  vegetation,  and,  with  it, 
fermentation.  Grape  sugar,  and  some  form  of  protein, 
are  present  in  all  sweet  fhiits,  and  their  juices  are 
accordingly  susceptible  of  fermentation,  although,  as 
Gay-Lussac’s  experiments  have  shown,  they  also 
require  the  presence  of  oxygen.  Grape  juice  carefully 
preserved  from  the  contact  of  air,  as  when  expressed 
in  an  atmosphere  of  hydrogen,  or  of  carbonic  acid, 
may  be  kept  for  months  without  change;  yet,  upon 
the  admission  of  a few  bubbles  of  air,  or  of  oxygen, 
it  presently  begins  to  ferment,  and  when  the  process 
has  once  commenced,  it  continues.  It  has,  however, 
been  shown  by  Schwann,  that  a fermentable  liquor, 
namely,  one  containing  sugar  and  a nitrogenized  prin- 
ciple, imdergoes  no  change  when  the  air  which  has 
access  to  it  has  been  previously  passed  through  a red- 
hot  tube;  Ure  and  Helmholtz  have  repeated  the 
experiments  with  similar  results.  Hence  it  has  been 
assumed  that  the  germs  or  seeds  of  the  fungi  are  pre- 
sent in  the  atmosphere,  and  only  await  the  requisite 
conditions  and  food  for  their  vegetation,  which  they 
find  in  saccharine  and  other  liquors ; and  that  the 
vitality  of  these  germs  is  destroyed  by  a certain  eleva- 
tion of  temperatiore.  Yet  in  Gay-Lussac’s  experiments, 
a few  bubbles  of  pure  oxygen  gas — ^in  which,  from  the 
mode  of  its  preparation,  organic  germs  could  not  be 
supposed  to  exist — induced  fermentation ; and  he  fur- 
ther states,  that  on  decomposing  a portion  of  must 
excluded  from  air,  by  the  voltaic  current,  fermentation 
ensued,  apparently  in  consequence  of  the  evolved  oxy- 
gen ; but  Helmholtz  could  not  obtain  this  result. 

According  to  Mitscherlich,  animalcules  are  also 
concerned  in  the  phenomena  of  fermentation.  Thus,  if 
a little  sugar  be  added  to  a liquor  containing  infusoria, 
the  animalcules  increase  rapidly,  and  ferment  is  at  the 
same  time  formed ; on  adding  more  sugar  the  multipli- 
cation of  the  animalcules  ceases,  but  there  is  an  increase 
in  the  production  of  the  ferment. 

Fownes  remarks, — It  often  becomes  a matter  of  great 
practical  importance  to  have  it  in  mm  power  to  excite 
the  vinous  fermentation,  under  circumstances  in  which 
ordinary  yeast  cannot  be  obtained.  In  making  bread, 
for  example,  although  the  use  of  yeast  may  be  avoided 
by  employing  what  is  called  leaven,  or  dough  whiclr 
has  already  become  sour,  and  partly  putrefied  by  spon- 
taneous change — a practice  which  has  been  followed 
from  the  most  remote  antiquity,  and  is  stUl  occasionally 
in  use — the  bread  so  made  is  always  to  be  distinguished 
by  a peculiar  sour  and  nauseous  taste  and  smeU,  and 
can  never  bear  comparison  with  that  fermented  by 
yeast.  According  to  the  above-cited  chemist,  yeast  of 
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the  most  unexceptionable  quality  can  be  artificially  pro- 
duced at  will. 

Berzelius  states,  that  although  the  reproduction,  as 
it  were,  of  yeast — the  conversion  of  a small  into  a large 
quantity — ^is  a very  easy  thing,  yet  to  produce  that  sub- 
stance from  the  beginning  is  very  difficult.  He  de- 
scribes a process  for  this  purpose,  on  the  authority  of 
Dr.  Henry,  and  which  consists  in  taking  a strong 
infusion  of  malt,  saturating  it  with  carbonic  acid,  and 
then  exposing  it  for  some  days  to  the  proper  fermenting 
temperature ; when  a small  quantity  of  yeast  is  gradu- 
ally formed  and  deposited,  which  may,  by  various  con- 
trivances, be  made  to  give  origin  to  a larger.  Pre- 
sently, the  behavior  of  a malt  infusion  when  left  to 
itself,  at  a temperature  of  70°  or  80°  Fahr.,  for  some 
time,  will  be  considered,  from  which  it  will  be  seen  that 
the  addition  of  carbonic  acid  is  wholly  imnecessary. 
Diastase,  for  instance,  according  to  its  peculiar  condi- 
tion, whether  fresh  from  the  germinated  grain,  slightly 
putrefied,  or  in  a stUl  more  advanced  state  of  that 
change,  possesses  the  singular  power,  in  the  first  case, 
of  changing  starch  into  dextrin,  and  ultimately  into 
j grape  sugar ; in  the  second,  of  causing  the  conversion 
of  sugar  into  lactic  acid ; and  in  the  third  and  last,  of 
exciting  the  vinous  fermentation. 

Now,  if  common  wheaten  flour  be  mixed  with  water 
to  a thick  paste,  and  exposed,  slightly  covered,  to  spon- 
taneous change  in  a moderately  warm  place,  it  will  be 
observed  to  run  through  a series  of  metamorphoses 
which  seem  very  closely  to  resemble  those  in  the  case 
of  diastase. 

About  the  third  day  of  such  exposure  it  begins  to 
emit  a little  gas,  and  to  exhale  an  exceedingly  disagree- 
able sour  odor,  much  like  that  of  stale  milk.  After  the 
lapse  of  some  time  this  smell  disappears,  or  changes  in 
character,  the  gas  evolved  is  greatly  increased,  and  is 
accompanied  by  a very  distinct  and  somewhat  agreeable 
vinous  odor ; this  will  happen  about  the  sixth  or  seventh 
day,  and  the  substance  is  then  in  a state  to  excite  the 
alcoholic  fermentation. 

A quantity  of  brewer’s  wort  is  next  to  be  prepared  in 
the  usual  manner,  by  boiling  extract  of  malt  with  hops, 
and,  when  cooled  to  90°  or  100°,  the  decomposed  dough 
before  described,  after  being  thoroughly  mixed  with  a 
little  tepid  water,  is  added  to  it,  and  the  temperature 
kept  up  by  placing  the  vessel  in  a warm  situation ; 
after  the  lapse  of  a few  hours,  active  fermentation  com- 
mences, abundance  of  carbonic  acid,  having  its  usual 
agreeable  pungent  smell,  is  disengaged,  and  when  the 
action  is  complete  and  the  liquid  clear,  a large  quantity 
of  excellent  yeast  is  found  at  the  bottom,  well  adapted 
for  all  purposes  to  which  that  substance  is  applied. 

In  one  experiment  the  following  materials  were  used : 
A small  handful  of  ordinary  wheat  flour  was  made  into 
thick  paste  with  cold  water,  covered  with  paper,  and 
left  seven  days  on  the  mantel-shelf  of  a room  where  a 
fire  was  kept  aU  day,  being  occasionally  stiired.  At 
the  end  of  that  period  three  quarts  of  malt  were  mashed 
with  about  two  gallons  of  water,  the  infusion  boiled 
with  the  proper  quantity  of  hops,  and,  when  sufficiently 
cooled,  the  ferment  added.  The  results  of  the  experiment 
were,  a quantity  of  beer — not  very  strong,  it  is  true, 
but  quite  free  from  any  unpleasant  taste — and  at  least 


-Fermentation. 


a pint  of  thick  barm,  which  proved  perfectly  good  for 
making  bread.  When  the  yeast  alone  is  the  object  to 
which  attention  is  directed,  the  hops  may  be  omitted. 

A moderately  strong  infusion  of  malt  which  has  not 
been  boiled,  when  suffered  to  stand  in  a warm  place 
for  some  days,  speedily  becomes  sour  and  turbid,  and 
begins  to  evolve  gas;  this  change  rapidly  progresses, 
carbonic  acid  is  given  out  plentifully,  and  a deposit  of 
thick,  insoluble,  whitish  matter  formed,  which  readily 
excites  fermentation  in  a dilute  solution  of  sugar : the 
supernatant  liquid  contains  alcohol  and  traces  of  acetic 
acid. 

When  wort  which  has  been  boiled  and  hopped  is  set 
aside  to  decompose  spontaneously,  the  change  it  under- 
goes appears  to  depend  very  much  upon  its  strength : 
if  weak,  three  or  four  days  elapse  before  any  action 
is  noticed ; a scum  then  collects  upon  the  surface,  and 
a brown  flocculent  substance  precipitates,  which  is 
incapable  of  exciting  fermentation  in  a solution  of  sugar, 
while  the  liquid  gives  off  a flat  offensive  smell.  Should 
the  infusion  experimented  on  be  stronger,  then  the 
action  is  different ; the  liquid  becomes  turbid  from  the 
separation  of  a yellowish  adhesive  substance,  a good 
deal  of  gas  is  very  slowly  emitted,  alcohol  is  formed,  and 
the  deposit  at  the  bottom  of  the  vessel  proves  a pretty 
active  ferment  to  sugar.  The  acidity  of  the  liquid  is 
trifling,  and  its  smell  is  somewhat  disagreeable.  These 
differences  in  the  behavior  of  boiled  wort  may  also 
depend  upon  the  quantity  of  hops  added,  which  act  as 
an  antacid,  and  upon  the  length  of  time  during  which 
the  ebullition  had  been  continued. 

The  effect  produced  in  a spontaneously  fermentable 
liquid  by  vegetal  acids,  or  acid  salts,  such  as  cream 
of  tartar,  is  a curious  subject  of  inquiry.  From  an 
experiment  made  upon  some  wort,  it  appeared  that 
the  result  of  such  addition  tends  to  the  formation  of 
lactic  acid.  We  know  that  when  the  jmces  of  grapes, 
currants,  and  gooseberries,  are  exposed  to  the  air,  the 
vinous  fermentation  commences  apparently  at  once; 
whereas  in  an  unboiled  infusion  of  malt,  which  is  des- 
titute ol  these  substances,  lactic  acid  seems  to  be  first 
formed,  although  ultimately  the  two  fermentations  pro- 
ceed collaterally.  It  has  been  stated,  when  speaking 
of  the  spontaneous  decomposition  of  wheaten  dough, 
that  an  acid  state  preceded  that  in  which  it  became 
an  alcoholic  ferment ; if,  in  this  condition,  it  be  mixed 
with  a dilute  solution  of  common  sugar,  and  the  whole 
be  kept  warm  for  several  days,  it  furiiishes  a sour  liquid 
which  is  rich  in  lactic  acid,  and  which  gives  with  zinc 
a white  crystallized  lactate  of  this  metal.  There  is  a 
tendency  in  the  liquid  to  run  into  the  alcoholic  fermen- 
tation, and  to  produce  vinegar  by  a subsequent  change ; 
but  stiU  the  Quantity  of  lactic  acid  so  formed  is  very 
considerable. 

Common  wheat-gluten,  then,  in  its  mode  of  de- 
composition strikingly  resembles  diastase ; like  tliat 
substance  it  runs  through  two  different  dynamic  con- 
ditions. It  is  successively  a lactic  acid  and  an  alco- 
hol ferment.  Is  it  too  much  to  expect  that  it  might, 
by  proper  means,  be  detected  in  a third  condition, 
namely,  as  a sugar  ferment,  hke  diastase  itself  in  the 
state  in  which  it  exists  in  malt?  Is  it  not  possible  that 
diastase,  as  a definite  proximate  principle,  has  no  more 
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existence  than  yeast ; that  its  powers  are  purely  dyna- 
mic, and  that  it  is,  in  short,  notliing  more  than  the 
gluten  of  the  seed  in  one  of  its  earliest  stages  of  decom- 
position ? This  is  an  interesting  inquiry,  but  its  prose- 
cution will  he  somewhat  difficult,  owing  to  the  rapidity 
with  whieh  these  changes  follow  each  other.  It  must 
be  remembered  that  no  one  has  yet  succeeded  in  getting 
diastase  in  a state  fit  for  analysis.  Having  several  times 
alluded  to  this  substance,  the  Editor  appends  the  fol- 
lowing particulars  with  regard  to  it. 

Paykn  and  Persoz  were  the  first  to  obtain  diastase 
from  barley  malt.  It  may  be  procured  from  brewers’ 
malt,  but  in  greater  quantity  from  germinated  bar- 
ley, carefully  prepared  for  the  purpose,  in  which  the 
germ  has  been  allowed  to  attain  about  the  length  of  the 
seed.  The  malt  is  pulverized,  and  macerated  in,  or 
triturated  for  a few  minutes  with  water,  at  the  tem- 
perature of  70°  or  80°.  The  pasty  mixture  is  then 
strongly  pressed,  and  the  turbid  hquor,  which  runs  from 
it,  filtered : the  filtrate  is  then  heated  in  a water-bath 
to  about  170°,  at  which  temperature  the  greater  part  of 
the  foreign  nitrogenized  matter  coagulates,  and  may  be 
separated  by  filtration ; the  clear  filtrate  retains  the  dias- 
tase, and  may  he  used  for  many  purposes.  Other  bodies 
besides  the  diastase  are  also  contained  in  the  liquor, 
but  they  may,  to  a great  extent,  he  separated  by  the 
addition  of  anhydrous  alcohol,  which  forms  a flocculent 
precipitate  of  diastase  insoluble  in  that  liquid.  It  should 
be  collected  and  carefully  dried  at  a low  temperature ; 
for,  when  heated  in  a moist  state  above  190°,  its  pro- 
perties are  materially  altered.  It  may  be  further  puri- 
fied by  a second  solution  in  water,  and  precipitation  by 
alcohol ; if  the  solutions  are  brown,  animal  charcoal  will 
decolor  them. 

Diastase  may  also  be  obtained  without  the  aid  of 
heat,  hut  the  proeess  requires  caution.  The  operation 
consists  in  triturating  the  finely-ground  malt  as  before 
with  a little  water,  pressing  out  the  liquor,  and  carefully 
adding  a little  alcohol,  so  as  to  coagulate  its  albumi- 
nous contents  without  precipitating  the  diastase;  the 
solution  is  then  filtered,  and  the  diastase  separated  by 
the  fimther  addition  of  strong  alcohol.  It  may  be  purified 
by  a second  aqueous  solution  and  alcoholic  precipita- 
tion, and  should  be  dried  at  a temperature  not  exceed- 
ing 100°,  or  in  vacuo  over  sulphuric  acid.  Diastase  is 
white,  soluble  in  water  and  in  dilute  alcohol,  but  insol- 
uble in  strong  alcohol.  Its  aqueous  solution  is  taste- 
less, and  soon  becomes  sour  and  decomposed.  Its  effect 
upon  starch  is  entirely  destroyed  by  boiling.  It  con- 
tains nitrogen ; its  ultimate  composition,  however,  has 
not  been  accurately  determined. 

Although  diastase  thus  prepared  cannot  be  regarded 
as  a perfectly  pure  substance,  it  nevertheless  possesses 
a remarkable  power  of  eonverting  starch  into  dextrin 
and  glucose — ^to  such  an  extent,  indeed,  that  one  part 
of  it  is  capable  of  modifying  two  thousand  parts  of 
starch. 

The  conversion  of  starch  into  glucose  is  slow ; but 
its  transformation  into  dextrin  takes  place  rapidly,  and 
becomes  at  once  perceptible.  If  the  reader  will  intro- 
duce a tepid  infusion  of  malt — diastase — into  a vessel 
filled  with  starch  paste,  the  temperature  of  which  is 
kept,  as  nearly  as  possible,  at  160°,  he  will  find  that  in 
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a few  minutes  the  ehange  becomes  manifest  by  the 
liquefaction  of  the  mass.  Now,  if  portions  of  the  liquid 
be  tested  from  time  to  time  with  iodine  solution,  which 
produces  a blue  coloration  as  long  as  any  starch  is  pre- 
sent, it  will  be  found  that  the  intensity  of  the  hue  is 
quickly  diminished,  and  that  soon  a point  is  reached 
when  the  complete  cessation  of  any  tinge  indicates  the 
total  transmutation  of  the  starch  into  dextrin ; the 
transition  of  the  latter  into  glucose  is  not  accomplished 
under  several  hours.  The  mode  in  which  diastase 
operates  upon  the  starch  is  not  known.  We  are  at 
present  only  cognizant  of  the  fact ; but  this  fact  is  of 
great  importance  in  a practical  as  weU  as  a theoretical 
point  of  view.  As  science  progresses,  these  recondite 
processes  will  have  more  light  thrown  upon  them. 

Distillation. — The  chief  object  of  importance  in 
this  stage  is  the  still ; and  no  other  article  of  manufactur- 
ing apparatus  has  undergone  so  much  alteration.  What-  . 
ever  form  or  construction  may  be  given  to  it,  the  philo- 
sophy of  distilliug  rests  upon  the  different  degrees  of 
volatility  of  the  bodies  subjected  to  the  operation.  By 
attention  to  this  principle,  several  bodies  of  varied  den- 
sities may  be  separated,  if  suitable  means  are  adopted. 

It  was  known  to  the  earliest  alchemists  that  the  more 
volatile  a body,  the  less  heat  is  required  to  convert  it 
into  vapor ; and  vice  versa,  the  temperature  at  which 
that  body  is  liquefied  is  lower  than  what  is  required 
to  effect  the  resolution  of  a liquid  which  boils  at  a 
higher  temperature.  By  transmitting  the  vapor  of 
these  Hquids  simultaneously  through  a good  condensing 
medium,  the  temperature  of  which  is  lower  than  the 
boiling  point  of  the  heavier,  but  not  so  low  as  the  point 
at  which  the  lighter  boils,  it  becomes  evident  that  the 
vapor  of  the  heavier  liquid  will  be  condensed,  while  the 
other  loses  nothing  of  its  acquired  expansion.  This  is 
beautifully  illustrated  by  the  subject  under  considera- 
tion. The  temperature  at  which  water  boUa  is  imi- 
versaUy  known  to  be  212° ; alcohol  boils  at  176°  Fahr. 

K a mixture  of  these  two  liquids  be  introduced  into 
a retort  or  stiU,  the  mixture  will  boil  at  an  interme- 
diate temperature,  proportionate  to  the  quantity  of 
each  liquid  present ; but  the  alcohol  being  the  lighter 
is  driven  over  in  larger  quantity  at  first,  carrying  with 
it  some  aqueous  vapor : as  the  boiling  continues  more 
water  is  given  off,  until,  at  the  end  of  the  operation, 
nothing  passes  over  but  steam.  When  the  mixed  vapors 
are  conducted  through  a tube  placed  in  water  below 
212°,  and  not  so  low  as  the  boding  point  of  the  mixed 
liquid,  the  water  is  condensed,  and  the  alcoholic  vapor 
remains  unaffected,  till  the  temperature  of  the  refrigera- 
tor is  lower  than  176°.  The  same  thing  happens  in 
distillation  with  the  ordinary  apparatus.  In  the  first  and 
second  volutions  of  the  worm  in  the  condensing  tube, 
the  aqueous  portion  is  more  or  less  condensed,  and  the 
spirit  retains  its  acquired  elasticity,  till  it  traverses  the 
worm  to  where  the  temperature  is  below  its  boiling 
point;  then  it  becomes  liquid.  It  was  a great  desidera- 
tum in  the  days  of  the  early  distUlers  to  obtain  a con- 
centrated spirit,  as  at  those  times  only  the  common 
still  and  worm  were  in  operation,  and  the  whole  of 
the  water  ehminated  with  the  alcoholic  vapors  was 
found  in  the  receiver.  By  repeated  distillations  of 
tlie  first  products,  a pretty  concentrated  spirit  could  bo 
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obtained ; but  this  was  efifected  at  a loss  of  time,  fuel, 
and  alcohol. 

To  arrest  the  formation  ot  acetic  acid,  as  soon  as 
the  attenuation  of  the  wort  has  reached  its  lowest 
point  it  is  rim  into  the  still  with  as  little  delay  as 
possible.  According  to  the  old  methods,  the  wash  is 
distilled  in  two  large  retorts  or  stills,  each  of  about 
six  to  twelve  hundred  gallons  capacity,  suited  to  the 
size  of  the  factory.  The  retorts  are  provided  with  a 
rotatory  chain  apparatus  for  preventing  the  lies  from 
adhering  to  the  bottom  of  the  still,  which,  unless  pre- 
vented, would  deposit  and  become  charred  from  the 
heat,  and  communicate  a disagreeable  taste  to  the 
spirit. 

Previous  to  distillation,  about  one  pound  of  soap  is 
added  to  every  hundred  gallons  of  the  wash.  When 
the  charge  of  wash  is  eight  thousand  gallons,  the  dis- 
tillation is  carried  on  as  speedily  as  possible,  without 
risk  of  it  running  foul  till  about  two  thousand  four  hun- 
dred gallons  are  drawn  off.  These  constitute  the  low 
wines,  or  singlings,  and  are  very  weak,  not  averaging 
above  63°  below  proof  on  Dicas’  hydrometer.  The 
remainder  of  the  spiritous  product  of  the  eight  thousand 
gallons  is  received  in  another  vessel  for  a further  dis- 
tillation. l%e  singlings  are  redistilled,  or  doubled,  in 
the  second  stiU,  and  the  spirit  dravm  off  till  it  begins  to 
acquire  a disagi'eeable  taste  and  smell — these  are  what 
constitute  the  faints,  and  owe  their  peculiarity  to  an 
essential  oil  which  is  held  in  solution.  The  faints  are 
collected  in  the  faints-back,  and  mixed  with  the  muddy 
part  of  the  first  distillation,  water  is  added,  and  the 
whole  redistlQed.  Very  weak  singlings  are  obtained, 
which,  upon  a second  distillation,  afford  finished  spirit. 

Some  distillers  continue  the  first  distillation  as  long 
as  any  alcohol  comes  over,  and  then  subject  the  low 
wines  to  a second  distillation  in  the  spirit  stiU.  The 
first  portions  are  more  or  less  blue  or  muddy,  and  con- 
sequently are  run  into  the  faints-back.  As  soon  as 
the  spirit  becomes  clear,  and  devoid  of  a disagreeable 
odor,  it  is  run  into  the  spirit-back.  The  quantity  of  the 
spirit  obtained  in  well-regulated  distilleries,  amounts  to 
about  three-fourths  or  even  four -fifths  of  the  low  wines 
operated  upon ; faints  are  drawn  over  at  the  end  of  the 
distillation,  and  are  turned  into  the  faints-back,  to- 
gether with  the  first  portions.  These  faints  are  mixed, 
as  before  stated,  with  a considerable  quantity  of  water, 
and  distilled,  in  order  to  free  them  from  tlie  disagree- 
able oil  eviscerated  by  the  husks  of  the  grain. 

A self-regulating  bath  is,  in  some  distilleries,  put  in 
the  capital  of  the  still.  The  common  Scotch  stills  have 
the  capital  fifteen  to  twenty  feet  high,  to  prevent  the 
wash  from  boiling  over  into  the  worm ; it  is  customary 
to  strike  the  capital  from  time  to  time  with  a rod,  and 
from  the  soimd  emitted,  it  is  inferred  whether  it  be 
empty,  partially  filled,  or  in  danger  of  an  overflow ; in 
the  latter  case  the  fire  is  withdrawn,  or  damped  by 
means  of  a spout  near  the  furnace-door,  and  which  is 
supplied  with  water  from  a cistern  in  the  upper  part  of 
the  building.  Wlieu  a very  pure  spirit  is  required,  it  is 
customary  to  dilute  the  liquor  with  water  and  submit  it 
to  a third  distillation,  in  order  that  the  distillate  may 
not  have  the  harsh  taste  of  strong  alcoholio  hquids.  In 
the  improved  stills,  a liquid  sixty  per  cent,  over  proof  is 


obtained,  even  in  the  first  distillation,  and  at  a con- 
siderable saving  of  fuel,  time,  and  labor,  while  the  use 
of  soap,  et  cetera,  is  unnecessary. 

The  usual  yield  of  proof  spirit  from  malt  is  between 
two  and  two  and  a half  gallons  per  bushel.  The 
largest  amount  of  spirit  procured  from  one  quarter 
of  corn  is  twenty  gallons.  As  a general  rule,  the  lower 
the  heat  at  which  the  distillation  is  carried  on,  the 
purer  will  be  the  spirit.  When  an  excess  of  soap  has 
been  used,  and  the  distillation  urged  too  rapidly,  the 
distillate  often  possesses  a saponaceous  flavor,  which 
is  occasioned  by  its  fatty  particles  being  carried 
over  mechanically  in  the  vapor,  and  dissolved  in  the 
alcohohe  liquid.  The  manner  in  which  the  soap  acts 
to  prevent  the  charge  running  foid,  is  as  follows: — 
During  fermentation,  and  subsequent  transference  of 
tire  wort  into  the  stOl,  small  portions  of  acetic  acid  are 
generated,  which  decompose  part  of  the  soap,  setting 
free  the  oily  compound  which  rises  to  the  smface  of  the 
liquor,  and  breaks  the  bubbles  of  vapor  as  they  ascend 
through  it  from  the  bottom  of  the  retort;  hence  the 
liquid  cannot  pass  over  unless  tlie  boiling  be  violently 
urged. 

The  average  quantity  of  spirit  obtained  by  the  Irish 
distillers  from  a barrel  of  malt — twelve  stones — is  eight 
and  a half  gallons,  Irish  measure,  or  six  gallons  five 
pints  and  one  and  a half  noggins,  imperial  measure, 
of  twenty-four  per  cent,  over  proof  by  Dicas’  scale. — 
Donovan. 

Dr.  Uee  performed  several  experiments,  at  the  re- 
quest of  the  Board  of  Excise,  for  the  purpose  of  decid- 
ing a discussion  which  had  taken  place  in  Ireland, 
relative  to  the  extent  to  which  raw  grain  could  be  fer- 
mented; the  most  decisive  of  his  results  is  the  following: 
Three  bushels  of  mixed  grains  were  taken,  consisting 
of  two  of  barley,  one-half  of  oats,  and  one-half  of  malt, 
which,  being  coarsely  ground  by  a handmiU,  were 
mashed  in  a new  tun  with  twenty-four  gallons  of  water 
at  155°.  The  mash  liquor  drawn  off  amounted  to 
eighteen  gallons,  at  the  density  of  1-0465 ; temperature 
of  82°  Fahr.  Being  set  in  a new  tun,  it  began  to  fer- 
ment in  the  course  of  twelve  hours,  and  in  four  days  it 
was  attenuated  down  to  gravity  1-012.  This  yielded, 
upon  distillation,  in  low  -wines,  3-22  gallons,  and  by 
rectification,  in  spirits,  3 05,  while  the  quantity  equi- 
valent to  the  attenuation  by  the  tables  was  3-31 ; being 
an  excellent  accordance  in  such  circumstances. 

The  inquisitorial  system  imposed  by  law  upon  our 
distilleries  might  lead  a stranger  to  imagine  that  our 
legislators  were  desirous  of  repressing,  by  every  species 
of  annoyance,  the  fabrication  of  the  fiery  liquid  which 
infm-iates  and  demoralizes  the  lower  population  of  these 
islands.  But,  alas ! credit  can  be  given  them  for  no 
such  moral  or  philanthropic  motive.  The  necessity  of 
the  Exchequer  to  raise  a great  revenue,  created  by  the 
wasteful  expenditure  of  the  state,  on  the  one  hand,  and 
the  efforts  of  fraudulent  ingenuity,  on  the  other,  to 
evade  the  payment  of  the  high  duties  imposed,  are  the 
true  origin  of  that  system. — Ure. 

Examinations  in  distilleries  are  constantly  being  made 
by  the  officers  of  Excise.  The  first  survey  is  at  six 
o’clock  in  the  morning,  when  the  officers  take  their 
accounts  and  gages,  and  make  calculations  which  occupy 
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several  hours ; the  second  is  at  ten  o’clock,  when  they 
inspect  the  whole  premises,  occupying  a considerable 
time,  frequently  staying  till  the  succeeding  officer  comes 
on  duty ; the  third  takes  place  at  two  in  the  afternoon ; 
and  the  fourth,  at  six  in  the  evening.  At  ten,  an  officer 
who  has  not  been  engaged  in  any  of  the  previous  ex- 
aminations, makes  his  appearance,  and  prolongs  his  visit 
till  six  the  next  morning.  In  addition  to  these  regtilar 
inspections,  the  distilleries  are  subject  to  frequent  and 
uncertain  visits  of  the  surveyor  and  his  general. 

Before  the  fermented  wort  goes  into  the  still,  a cal- 
culation is  made  of  the  quantity  of  wash  drawn  from  the 
wash-back,  and  which  is  first  pumped  into  what  is  called 
the  wash-charger.  If  the  liquor  in  the  charger  exceeds 
the  quantity  in  the  back,  the  distiller  has  to  pay  on 
the  higher  amount ; if  it  contain  less,  he  must  pay  ac- 
cording to  the  wash-back,  as  being  the  larger  quantity. 
\Vlien  all  the  wash  is  transferred  to  the  charger,  its 
exit  tap  is  unlocked,  and  the  wash  is  allowed  to  be 
drawn  off  into  the  stiU ; the  charging  and  discharging 
tap  of  the  still  being  fastened  by  the  officers,  there 
can  be  no  transfer  of  wash  but  through  the  pumps. 
The  first  distillation  from  the  wash  is  worked  into  the 
low- wine  receiver,  and  the  strength  and  quantity  are 
ascertained  by  the  Excise  officer.  The  account  of  the 
low-wine  affords  a comparison  with  the  quantity  which 
the  contents  of  the  wash-back  had  been  estimated  to 
produce.  This  is  then  pumped  from  the  receiver  into 
the  low-wine  charger,  and  after  the  officer  has  per- 
formed his  duty,  it  is  permitted  to  be  drawn  off  into 
the  low-wine  stiU,  which  is  a distillation  of  the  second 
extraction ; the  low- wine  still  then  works  into  another 
cask,  called  the  spirit-receiver ; when  that  distillation 
is  finished,  the  officer,  reattending  on  regular  notice  for 
that  purpose,  takes  the  quantity  and  strength  of  the 
spirit  therein,  and  upon  the  quantity  so  ascertained 
he  charges  the  duty.  If  it  happens  that  the  actual 
quantity  of  spirit,  after  the  distillation,  differs  from 
the  hypothetical  quantity  ascertained  by  previous 
calculations,  he  gives  to  the  Government  the  benefit 
of  the  doubt,  and  levies  duty  on  the  higher  quantity, 
whichsoever  that  may  be.  The  mode  in  which  this 
double  system  of  computation  is  likely  to  check  im- 
provements, forms  a delicate  subject,  and  there- 
fore will  not  be  further  discussed.  In  distilling  low 
wines,  one  portion  of  them  goes  into  the  spirit,  and 
another  into  the  faints-receiver ; these  faints  are,  in 
the  next  distillation,  united  with  the  low -wines  from 
the  succeeding  wash-back,  and  are  worked  together; 
the  united  produce  goes  partly  into  the  spirit  cask, 
and  partly  back  into  the  faints-cask.  The  operation 
is  thus  continued  till  all  the  backs  are  emptied.  All 
these  backs,  chargers,  receivers,  et  cetera,  are  secured 
by  locks,  the  keys  of  wliich  are  kept  by  the  Excise 
officer. 

The  still  has  been  in  use  from  a very  remote  period; 
but  those  in  operation  at  present  are  quite  different 
from  the  ones  of  former  days.  Changes  in  the  construc- 
tion of  the  still  are  chiefly  the  result  of  the  onward 
course  of  science,  and  the  increased  requirements  of 
the  age. 

Fig.  44  is  a drawing  of  the  common  still : A is  the 
body  incased  in  brickwork,  D,  and  directly  over  the  fire ; 

VOL.  I. 


73 


C,  the  head  attached  to  the  condensing- worm,  E,  placed 
in  the  water-tub,  F,  where  the  vapor  is  condensed  to 
a liquid  which  flows  into  a receiver  at  k.  The  still  is 


Fig. 44. 


of  variable  dimensions,  from  ten  to  five  hundred  gallons. 
This  form  of  apparatus  had  been  in  use  for  a consider- 
able period.  Woulfe,  having  the  principle  of  Glau- 
ber’s apparatus  in  view,  was  the  first  to  apply  the  facts 
already  cited,  for  obtaining  strong  spirit,  and  various 
other  products  of  distillation. 

This  apparatus  bears  the  name  of  the  inventor  to  tho 
present  day.  It  is  shown  in  Fig.  45,  and  consists  of 
a series  of  bottles,  placed  in  a range.  Each  of  these 
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bottles  has  three  openings  or  necks;  the  fii'st  bottle 
is  connected  with  the  beak  of  the  stiU  by  a pipe  or 
tube,  which  passes  through  the  neck,  a,  to  within  an 
inch  or  two  of  the  bottom.  A safety-tube  is  intro- 
duced through  the  neck,  b,  and  dips  into  the  liquid 
in  the  oottle.  The  bottle.  A,  communicates  with  the 
bottle,  B,  by  means  of  a pipe  or  tube,  c,  bent  at  right 
angles ; in  the  first  it  opens  a httle  below  the  cork,  but 
in  the  second  it  passes  nearly  to  the  bottom.  The 
second  is  joined  in  a similar  way  to  a third  and  fourth 
bottle,  if  required.  This  apparatus  is  in  daily  request 
in  the  laboratory,  for  the  purpose  of  obtaining  aqueous 
solutions  of  gaseous  bodies.  It  was  from  it  that  M. 
Edouard  Adam  conceived  the  idea  of  his  complex 
stiU ; and  the  same  principle  is  to  be  observed  in  all 
the  various  modifications  of  stills  constructed  in  the 
beginning  of  the  present  century,  the  most  important 
of  which  wUl  be  described. 

In  this  kingdom,  the  modifications  in  the  construction 
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of  stills  have  been  various.  Previous  to  the  year  1788, 
the  old  form  of  stiU  was  in  general  use.  From  the  slow- 
ness of  the  distillation,  a week  elapsed  before  a charge 
was  completely  worked  off,  and  even  then  the  pro- 
ducts were  very  dilute.  At  this  period  the  Excise  duty 
; levied  was  according  to  the  size  of  the  still,  and  no  fur- 
ther trouble  was  taken  by  the  officers  as  to  how  the 
I worts  were  made,  except  that  they  visited  the  distilleries 
! occasionally,  to  observe  if  any  other  stills  were  in  opera- 
tion, or  if  larger  ones  were  substituted  for  those  which 
had  been  already  gaged.  About  the  above  period  an 
important  revolution  took  place  in  the  construction  of 
this  apparatus  by  a firm  in  Leith,  by  which  the  distil- 
lation was  very  much  expedited.  They  lessened  the 
height  and  increased  the  width  of  the  still,  to  expose 
a larger  surface  to  the  action  of  the  fire  than  could 
be  done  in  the  old  form;  the  head  of  the  stiU  was 
enlarged  in  proportion  to  the  quantity  of  vapor  gener- 
ated, and  occasionally  several  outlets  or  pipes  were 
inserted  around  the  horizontal  upper  part,  to  facilitate 
the  escape  of  the  steam  and  alcoholic  vapor  into  the 
condensing  worm.  This  still  could  be  charged,  distilled 
off,  and  be  ready  for  another  operation,  in  the  course  of 
a few  hours,  instead  of  a week  as  before  with  the  com- 
mon still.  Though  the  inventors  preserved  to  them- 
selves its  exclusive  use  for  about  twelve  months,  yet 
such  an  important  discovery  could  not  escape  the  vigi- 
lance of  competing  neighbors,  and  hence  it  shortly  after- 
wards became  general  in  Scotland.  The  Excise,  until 
they  became  apprised  of  the  fact,  were  outwitted,  the 
distillers,  as  might  be  expected,  pocketing  the  duty 
which  they  otherwise  shoidd  have  paid  for  the  excess 
of  spirits  distilled  above  the  ordinary  allowance  to  which 
the  former  method  of  gaging  subjected  them.  The 
Excise  duty,  however,  was  soon  altered,  and  year  after 
year  it  increased;  but  the  distillers,  constantly  upon 
the  alert,  were  enabled  to  hoodwink  the  overseers 
appointed  by  Parliament,  which  was  driven  to  the 


necessity  of  nominating  a committee,  in  1799,  to  in 
vestigate  this  branch  of  the  Excise  laws,  and  wliich 
furnished  a lengthy  report  of  the  facts  concerning 
the  modes  of  distillation  in  Scotland.  In  consequence 
of  this  report  the  distOlers  were  subjected  to  an  Ex- 
cise duty  according  to  the  capacity  of  the  still,  and 
on  the  supposition  that  it  would  be  worked  off  and 
charged  every  eight  successive  minutes  dui-ing  the  dis- 
tilling season.  Even  this  time  was  considerably  short- 
ened by  the  distiller ; still,  the  amount  of  fuel  consumed, 
and  the  consequent  wear  and  tear,  left  it  a matter  of 
doubt  whether  they  were  gainers  by  it.  The  rapidity 
of  this  method  was  carried  so  far,  that,  in  1815,  the 
last  year  of  the  license  duty,  a still  of  eighty  gallons 
capacity  could  be  distilled  off,  emptied,  and  be  ready  for 
a successive  operation  in  three  and  a half  minutes, 
sometimes  in  three  minutes!  A still  of  forty  gal- 
lons could  be  drawn  off  in  two  and  a half  minutes. 
An  alteration  in  the  Excise  laws  at  this  time  did  away 
with  the  license  duty,  and  the  law  became  the  same 
as  in  England,  of  levying  duty  upon  the  wash  and  spirits 
procured  therefrom,  which  dispensed  with  the  rapid 
mode. 

In  the  meantime,  the  stills  were  constructed  on  the 
plan  of  those  in  use  during  the  period  of  rapid  distil- 
lation, namely,  by  having  the  bottoms  wider  than  the 
English  stills,  in  proportion  to  their  size. 

From  the  interest  which,  at  one  time,  was  attached 
to  the  Scotch  still,  on  account  of  the  ingenuity  displayed 
by  the  inventors,  and  its  being  a source  of  much  inves- 
tigation to  the  Government  committees,  it  may  not  be 
out  of  place  to  gratify  the  curiosity  of  the  reader  by 
introducing  to  his  notice  a drawing  and  brief  description 
of  the  apparatus.  As  the  general  principles  of  the 
nature  of  the  stiU  have  been  already  given,  a recurrence 
to  them  is  unnecessary. 

The  subjoined  Figs.,  46  and  46“,  represent  a sectional 
and  front  view  of  the  Scotch  stU],  at  the  period  when 
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rapid  distillation  was  popular  amongst  spirit  manufac- 
turers. E E is  the  body  of  the  stiU,  the  bottom  of 
which  is  about  sixteen  feet  in  diameter,  and  convex 
towards  the  middle ; the  depth  of  the  stiU  at  the  centre 
is  about  eleven  feet,  and  the  sides  and  bottom  meet  at 


an  acute  angle  at  the  verge.  The  hollow  bottom  of 
the  StiU  is  connected  with  the  shoulder,  b,  by  solder, 
or  rivets,  but  in  so  firm  a manner  that  the  connec  - 
tion is  air-tight ; c,  a rim,  which  serves  to  support  the 
stiU,  as  likewise  to  protect  it  from  the  action  of  the 
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fire.  D is  the  discharging  pipe,  seen  in  the  front  view 
of  the  apparatus,  but  concealed  in  the  section.  In 
the  shoulder  of  the  still  are  several  elhptical  open- 
ings, to  which  are  attached  oblique  conical  tubes, 
that  enter  a cylinder  which  rises  from  the  centre  of 
the  boiler ; G is  a vertical  section  of  one  of  the  pipes, 
which  are  soldered  or  connected  at  the  bottom  to  the 
opening  in  the  shoulder  of  the  still ; and  F,  a section 
of  the  central  column ; H is  an  exterior  view  of  another 
of  the  side  pipes ; 1 1 1 1 are  lower  openings  of  four  others 
of  these,  and  kk  the  top  openings  in  the  central 
column ; l,  an  agitator  within  the  stiU,  to  keep  the  bot- 
tom free  from  sedimentary  matters, — a chain  agitator 
was  sometimes  substituted,  which,  with  a little  altera- 
tion, was  found  to  work  much  better;  M,  a vertical  axis 
of  the  agitator,  to  which  a horizontal  toothed  wheel,  N, 
is  attached;  0 is  another  such  cogged  wheel,  but  verti- 
cal, gearing  into  the  wheel,  N,  so  as  to  communicate  its 
motion  to  the  latter  when  required ; p,  a handle  fixed 
upon  the  axis  of  the  wheel,  0,  by  which  it  is  turned ; w, 
support  of  handle  and  axis ; E,  a fan  to  break  the  froth 
formed  by  boiling ; its  axis  rests  upon  the  cross-bar,  s. 
Motion  is  given  to  the  fan  by  the  vertical  axis,  T ; this 
axis  enters  the  large  pipe  that  carries  off  the  vapors, 
through  a packed  box,  x,  which  is  impervious  to  the 
escape  of  any  steam  or  vapor ; a similar  box  surrounds 
tlie  axis  of  the  wheel,  o ; v is  the  pipe  communicating 
with  the  condensing- worm,  and  through  which  the  vapors 
escape  to  be  condensed.  The  fxmnel  pipe,  0,  shown  in 
the  perspective  view,  serves  to  charge  the  still,  and  Y 
is  the  cover  of  the  central  column,  which  is  held  in  its 
proper  position  by  chains,  as  seen  at  z. 

An  adaptation  of  this  stiU,  by  Sir  Anthony  Peeeiek 
of  Cork,  is  shown  in  Fig.  47,  in  which  the  liquid  to  be 


Fig.  47. 


distilled  is  made  to  flow  gradually  and  continuously  over 
tlie  heated  surface  of  the  boiler,  while  it  parts  with  its 
alcohol.  The  bottom  of  the  boiler  is  divided  by  con- 
I centric  partitions,  which  stand  up  sufficiently  high  to 
j prevent  the  liquid  from  boiling  over ; these  partitions 
! have  openings  from  one  to  another  at  opposite  sides,  so 
as  to  make  the  course  a sort  of  labyrinth,  a is  the 
reservoir  of  hquor  prepared  for  operation ; b,  a pipe 
descending  from  this  reservoir,  which  conducts  the 
liquor  into  the  boiler  at  c,  the  commencement  of  the 
labyrinth,  in  flowing  through  which  it  progressively 
traverses  the  whole  surface  of  the  bottom,  so  that 
the  full  effect  of  the  fire  is  exerted  upon  small  portions 
of  the  hquid.  This  causes  the  evaporation  to  proceed 
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with  great  celerity,  and  when  the  liquid  has  reached 
the  discharge-pipe  at  the  opposite  side,  it  retains  no 
spirit.  The  series  of  chains  suspended  from  the  bars,  e e, 
which  are  supported  by  the  central  shaft,  prevent  the 
deposit  of  mucus  and  albuminous  matters  on  the  bot- 
tom of  the  still.  A toothed  wheel  and  pinion  com- 
municate motion  to  the  bars,  ee,  through  the  shaft, 
and  the  chains  sweep  the  compartments  between  the 
partitions  as  they  turn  round. 

The  first  step  towards  obtaining  the  products  of  dis- 
tillation in  a concentrated  state  by  a novel  arrangement 
of  the  still,  or  rather  condensing  apparatus,  was  taken 
by  Mr.  Coffey  of  Dublin.  In  all  the  preceding  stills, 
although  the  rapidity  of  distillation  had  reached  the 
acm^  of  perfection,  yet  the  great  disadvantage  of  having 
the  aqueous  and  alcoholic  portions  of  the  distillate 
mixed  up,  remained;  and  only  by  great  trouble  and  re- 
peated distillations  and  changing  of  receivers,  a strong 
spirit  could  be  obtained.  Coffey’s  method  was  to 
insert  two  pipes  in  the  first  and  second  rounds  of  the 
condensing  worm,  which  pipes  were  in  communication 
with  the  body  of  the  stUl.  This  simple  contrivance 
insured  considerable  advantage,  as  a great  portion  of 
the  aqueous  vapors  eliminated  from  the  boiling  liquid 
in  the  still,  was  removed  from  the  alcoholic  portion  by 
being  condensed  in  the  first  convolutions,  and  returned 
to  the  still  instead  of  flowing  into  the  receiver  with  the 
spirit. 

Subsequently,  Mr.  Coffey  patented  another  still, 
which  has  proved  most  serviceable  to  the  distiller,  as 
it  gives,  in  continuous  distillation,  the  strongest  spirit 
that  can  be  obtained  on  the  large  scale.  Fig.  48  is  a 
section  of  this  still.  The  body  of  the  apparatus  consists 
of  an  oblong  vessel,  b,  and  two  columns  erected  there- 
on, c d e F and  G H I K.  The  first  of  these  columns  is 
called  the  analyzer,  the  second  the  rectifier.  The 
whole  is  made  of  wood,  lined  with  copper,  and  the 
wood  being  five  or  six  inches  thick,  little  or  no  heat  is 
lost  by  radiation.  The  oblong  vessel  has  a copper  plate 
or  diaphragm,  c d,  across  the  middle  of  it,  which  divides 
it  into  two  chambers,  b'  b".  This  diaphragm  is  perfo- 
rated with  a great  number  of  small  holes,  for  the  passage 
of  the  vapor  upwards  during  the  process,  and  it  is  also 
furnished  with  several  valves,  which  open  upwards,  as 
shown  at  e e e e,  whenever  the  vapor  is  in  such  quantity 
as  not  to  find  a free  passage  through  the  perforations. 
A pipe,  V V,  descends  from  this  diaphragm  nearly  to  the 
bottom  of  the  lower  chamber,  into  a pan  iorming  a 
steam  trap ; and  there  is  a valve  on  the  top  of  this  pipe, 
which  can  be  opened  or  shut  at  pleasure,  by  means  of 
a rod,  t,  passing  through  a stuffing-box  on  the  top  of  the 
vessel.  Glass  tubes,  at  x x,  show  at  all  times  the  level 
of  the  liquor  in  the  chambers,  b'  b".  The  column, 
c D E F,  which  is  called  the  analyzer,  consists  of  twelve 
chambers,  ffff,  formed  by  the  interposition  of  eleven 
copper  diaphragms,  A,  gh,  et  cetera,  similar  to  the  largo 
diaphragm,  cd ; that  is  to  say,  these  eleven  diaphragms 
are  perforated  with  very  numerous  holes,  and  furnished 
with  valves,  o oo  o,  opening  upwards.  To  each  of 
them  is  also  attached  a dropping  pipe,  p,  by  which  the 
liquor  is  allowed  to  flow  from  plate  to  plate ; the  upper 
end  of  each  of  those  pipes  projects  an  inch  or  two  above 
the  plate  in  which  it  is  inserted,  so  as  to  retain,  at  all 
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times,  during  the  distillation,  a stratum  of  wash  of  that 
depth  at  each  diaphragm.  The  lower  end  of  each  pipe 


dips  a little  way  into  a shallow  pan  lying  on  the  dia- 
phragm underneath,  forming  thus  a steam  trap,  by 


Fig.  48. 


which  the  escape  of  vapor  through  the  pipe  is  pre- 
vented. The  pipes  are  inserted  at  alternate  ends  of  the 
diaphragm,  as  shown  in  the  figure. 

The  column,  G h i K,  is  divided,  in  a similar  manner 
to  that  just  described,  into  chambers,  by  interposed 
copper  plates  or  diaphragms.  There  are  fifteen  cham- 
bers in  this  colunm ; the  lowermost  ten,  h h k,  ei  cetera, 
constitute  the  rectifier,  and  its  diaphragms  are  perfo- 
rated, and  furnished  with  valves  and  dropping  pipes, 
precisely  similar  to  those  of  the  analyzer.  The  upper- 
most five  of  these  frames  form  the  finished  spirit  con- 
denser, and  are  separated  from  the  other  ten  by  a copper 
sheet  or  diaphragm,  without  small  perforations,  but 
having  a large  opening  at  w,  for  the  passage  of  spirit- 
ous  vapor,  and  a dropping  pipe  at  s.  There  is  a neck 
about  the  opening,  w,  rising  an  inch  or  so  above  the 
surface  of  the  diaphragm,  which  prevents  the  return  of 
any  finished  spirit  by  that  opening.  Under  the  drop- 
ping pipe,  s,  is  a pan  much  deeper  than  those  of  the 
other  dropping  pipes,  and  from  this  pan  a branch  pipe, 
y,  passes  out  of  the  apparatus,  and  carries  the  con- 
densed, but  still  very  hot  spirits,  to  a worm,  or  other 
refrigerator,  wherein  they  are  cooled.  The  chambers, 
V V V V V,  oi  this  finished  spirit  condenser,  are  formed 
of  plain  unperforated  diaphragms  of  copper,  with  alter- 
nate openings  at  the  ends,  large  enough  both  for  the 
passage  of  the  vapor  upwards,  and  of  the  condensed 
spuit  downwards ; the  use  of  these  diaphragms  being 
merely  to  cause  the  vapor  to  pass  along  the  pipe,  m m, 
in  a zig-zag  direction,  and  to  be  thus  more  perfectly 
exposed  to  its  condensing  surface. 

In  every  chamber,  both  of  the  finished  spirit  con- 
denser and  of  the  rectifier,  tliere  is  a set  of  zig-zag  pipes, 
placed  as  shown  in  tlie  plan.  Fig.  49.  Each  set  of 
these  pipes  is  connected  with  the  others  by  the  bends, 
nil,  thus  forming  one  continued  pipe,  m m,  leading 
firom  the  wash  pump,  Q,  to  the  bottom  of  the  rectifier. 


whence  it  finally  passes  out,  and  rising  up,  enters 
the  top  chamber  of  the  analyzer,  where  it  discharges 
itself  at  n'.  m is  the  wash 
charger;  L,  a smaller  wash  Fig. 49. 

vessel  connected  with  it,  and 
with  the  wash  pump.  This 
vessel  is  called  the  wash  re- 
servoir, and  is  not,  strictly 
speaking,  a necessary  part  of 
the  apparatus;  its  use  is  to 
retain  a sufficient  reserve  of 
wash,  to  prevent  the  appara- 
tus being  idle  during  the  delay,  ’ 

which  the  Excise  regulations 

render  imavoidable,  between  the  emptying  of  the  wash 
charger  and  the  refilling  it  from  a new  back. 

The  pump,  Q,  is  worked  continuously  during  the  dis- 
tillation, so  as  to  supply  the  apparatus  with  a regular 
stream  of  wash.  It  is  so  constructed  as  to  be  capable 
of  furnishing  somewhat  more  than  is  necessary,  and 
there  is  a pipe,  n,  with  stopcock,  by  which  part  of 
what  is  pumped  up  may  be  allowed  to  run  back,  and 
the  supply  sent  into  the  apparatus  regulated. 

A is  a steam-boiler,  having  nothing  peculiar  in  its 
construction.  The  steam  from  it  is  conveyed  into  the 
bottom  of  the  spent  wash  receiver  by  the  pipe,  h h,  which, 
after  entering  the  receiver,  branches  into  a number  of 
smaller  pipes,  perforated  with  holes,  by  which  the  steam 
is  dispersed  through  every  part  of  the  wash  in  which 
they  are  immersed.  These  perforated  pipes  are  not 
shown  in  the  drawing. 

Mode  of  Action. — When  commencing  an  operation, 
the  wash  pump  is  set  in  motion,  to  charge  aU  the  zig- 
zag pipes,  m m m,  until  the  wash  passes  over  into  the 
analyzers  at  n'.  The  pump  is  then  stopped,  and  the 
steam  let  into  the  bottom  of  the  apparatus  by  the  pipe, 
h b.  The  steam  passes  up  through  the  chambers,  b"  b'. 
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and  by  the  pipe,  z,  into  the  analyzers,  whence  it  de- 
scends, through  i,  to  the  bottom  of  the  rectifier  at  N. 
It  then  rises  through  the  chambers,  h Ic,  enveloping  the 
zig-zag  pipes,  and  rapidly  heating  the  wash  contained  in 
them.  When  the  attendant  perceives,  by  feeling  the 
bends.  III,  that  the  wash  has  been  heated  in  several 
layers  of  these  pipes,  perhaps  eight  or  ten  layers — but 
the  number  is  not  of  much  moment — he  again  sets  the 
pump  to  work,  and  the  wash,  now  boiling  hot,  or  nearly 
so — and  always  in  rapid  motion — ^flows  from  the  pipe 
m at  n',  and  passes  down  from  chamber  to  chamber 
tlrrough  the  ch'opping  pipes,  in  the  direction  shown  by 
the  arrows  in  a few  of  the  upper  chambers.  It  may  be 
here  observed  that  no  portion  of  the  wash  passes  through 
the  small  holes  perforated  in  the  diaphragms  which 
separate  the  chambers.  These  holes  are  regulated,  both 
in  number  and  size,  so  as  not  to  be  more  than  sufficient 
to  afford  a passage  for  the  vapors  upwards,  under  some 
pressure.  The  holes,  therefore,  afford  no  outlet  for  the 
liquor,  which  can  only  find  its  way  down  in  the  zig-zag 
course  indicated  by  the  arrows.  It  is  therefore  obvious, 
that  the  wash,  as  it  passes  down,  is  spread  into  strata  as 
many  times  as  there  are  diaphragms,  and  is  thus  exposed 
to  the  most  searching  action  of  the  steam  constantly 
blowing  up  through  it.  As  it  falls  from  chamber  to 
chamber,  its  alcohol  is  volatilized  by  the  steam  passing 
upwards ; and  by  the  time  the  wash  has  reached  the 
large  chamber,  b,  no  trace  of  the  spirit  remains.  The 
wash,  as  it  descends  fi-om  the  analyzer,  accumulates  in 
the  large  chamber,  b',  until  it  becomes  nearly  filled, 
which,  when  perceived  to  be  the  case,  by  the  inspec- 
tion of  the  glass  tube,  the  attendant  opens  the  valve 
of  the  pipe,  v,  and  discharges  the  contents  of  b'  into 
the  lower  compartment;  then  shutting  the  valve,  the 
wash  from  the  analyzer  again  accumulates  in  b',  and, 
when  it  is  nearly  full,  the  contents  of  the  lower  chamber 
are  discharged  from  the  apparatus  altogether,  through 
the  cock,  n',  and  the  charge  in  b'  let  down  by  opening 
the  valve,  v,  as  before;  thus  the  process  goes  on  so 
long  as  there  is  any  wash  to  supply  the  pump. 

When  aU  the  wash  is  gone,  a quantity  of  water  is  let 
into  the  reservoir,  L,  and  pumped  through  the  pipes, 
m m,  to  finish  the  process,  and  obtain  the  last  portions 
of  alcohol.  This  winding  up  of  the  operation  by  send- 
ing water  through  the  pipes,  takes  place  on  the  distilla- 
tion of  every  back  of  wash,  in  consequence  of  the  Excise 
regulation,  which  requires  the  distiller  to  keep  the  pro- 
duce of  each  back  separate  from  that  of  any  other. 
Were  it  not  for  this  regulation,  the  distillation  would  go 
on  uninterruptedly,  so  long  as  there  was  any  wash  in 
stock ; the  addition  of  water  for  winding  up  would  be 
necessary  but  once  during  the  distilling  period,  and  the 
manufacturer  would  save  much  time  and  fuel  at  present 
wasted  by  these  intemiptions. 

It  has  been  already  said,  that  in  the  ordinary  course 
of  the  operation,  the  wash  is  stripped  of  all  its  alcohol 
by  the  time  it  has  reached  the  bottom  of  the  analyzer  ; 
but,  as  a precautionary  measure,  the  chambers,  b'  b", 
have  been  superadded,  in  each  of  which  the  spent  wash 
is  exposed  for  about  half  an  hour  to  the  action  of  the 
steam  blowing  through  it.  There  is  a small  apparatus 
— not  shown  in  the  engi-aving — ^by  which  a portion  of 
the  steam  in  the  chamber,  b",  is  condensed,  cooled,  and 
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made  to  flow  constantly  through  a sample  jar,  in  which 
is  an  hydrometer,  or,  what  is  better,  two  glass  bulbs, 
one  of  the  spec.  grav.  I'OO,  and  the  other,  0 998.  The 
attendant  knows  all  is  right  when  the  lighter  of  these 
bulbs  floats  in  the  sample ; hence  the  chamber,  B,  may 
be  emptied  without  any  risk  of  loss. 

The  course  of  the  wash  being  understood,  that  of 
the  steam  will  require  very  little  description. 

The  steam,  as  it  rises,  is  first  blown  tlirough  the 
charges  of  spent  wash  in  the  lower  chamber  of  b,  thence 
it  passes  up  through  the  layers  of  wash  on  the  eleven 
diaphragms  of  the  analyzer.  In  its  course  it  abstracts 
from  these  layers  of  wash,  their  alcohol,  depositing  in 
its  place  an  equivalent  of  water.  After  traversing 
the  whole  of  the  analyzer,  the  vapor,  now  containing 
much  alcohol,  passes,  by  the  pipe,  i,  into  the  bottom 
of  the  rectifier,  and,  as  it  ascends,  it  envelopes  the  pipes 
m m,  heating  the  wash,  and  simultaneously  parting  mth 
its  more  watery  portion,  which  is  condensed,  and  falls, 
in  a state  of  ebullition,  on  the  several  diaphragms  of  the 
rectifier.  By  the  time  the  vapor  reaches  the  passage, 
w,  in  the  bottom  of  the  finished  spirit  condenser,  it  is 
nearly  pure  alcohol ; and  as  it  is  condensed  by  the  wash 
in  the  pipes,  and  falls  on  the  diaphragm,  it  is  conveyed 
away  by  the  pipe,  y,  to  a refrigerator.  At  the  top  of 
the  spirit  condenser  is  a large  pipe,  k,  which  serves  as 
a vent  for  the  incondensable  gas  wliich  is  disengaged  in 
the  process,  and  this  pipe  also  communicates  with  the 
refrigerator,  so  that,  should  vapor  at  any  time  be  suffi- 
cient to  pass  out  of  the  apparatus,  no  loss  is  sustained 
beyond  the  waste  of  fuel  caused  by  condensing  that 
vapor  by  the  water  of  the  refrigerator,  instead  of  the 
wash  of  the  condenser. 

The  liquor  formed  on  the  several  diaphragms  of  the 
rectifier,  after  the  vapor,  passing  up  from  plate  to  plate, 
has  blown  through  it,  descends  to  the  bottom  in  the 
same  manner  as  the  wash  falls  from  chamber  to  cham- 
ber in  the  analyzer : but  this  condensed  liquor  still  con- 
tains a portion  of  alcohol,  and  it  is  conveyed  by  the 
pipe,  s,  to  the  pump,  Q,  by  which  it  is  raised  up  with 
the  wash,  to  be  again  distilled. 

A thermometer  at  m'  shows  the  attendant  the  tem- 
peratiue  of  the  wash  as  it  issues  from  the  pipe,  m m, 
into  the  analyzer,  which  is  the  only  guide  he  requires 
for  managing  the  operation ; for,  when  the  temperature 
is  what  it  should  be,  nothing  can  go  wrong  in  the  work. 
Whenever  the  thermometer  indicates  too  high  a tem- 
perature, more  wash  should  be  let  into  the  apparatus, 
and  vice  versa — the  quantity  being  regulated  by  the 
tap  and  the  pipe,  n.  It  would  seem,  however,  that 
very  little  nicety  is  requisite  on  this  point.  Experience 
has  proved,  that  the  fluctuation  of  a few  degrees  above 
or  below  the  proper  heat  is  of  little  consequence,  and 
that  it  is  very  seldom  found  necessary  to  alter  the  sup- 
ply of  wash. 

The  water  for  supplying  the  boiler  passes  through  a 
long  coil  of  pipe  immersed  in  boiling-hot  spent  wash,  by 
which  means  it  is  raised  to  a high  temperature  before  it 
reaches  the  boiler.  It  will  be  seen  that  the  vapor 
passing  through  this  apparatus  is  all  condensed  by  the 
wash,  not  water ; and,  therefore,  no  heat  is  wasted,  as 
in  the  common  process.  The  consequence  of  this  is, 
that  about  three-fourths  of  the  fuel  used  with  the  com- 
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inon  stills  are  saved,  a matter  of  very  important  consi- 
deration in  a national  point  of  view. 

Aecording  to  the  common  process,  it  requires  twelve 
pounds  of  coal  to  distil  a gallon  of  proof  spirits — when 
coals  of  a superior  quality  are  employed,  and  the  stills  are 
seientificaUy  eonstructed,  less  will  suESce — of  which,  as 
has  heen  said,  nine  pounds  are  saved  by  the  new  system ; 
and  assuming  the  whole  quantity  of  spirits  distilled  in 
the  empire  to  he  thirty-six  million  gallons,  which — 
colonies  included — ^is  not  over  the  mark,  the  saving  of 
fuel  arising  from  the  new  methods  of  distilling,  which, 
no  doubt,  will  be  soon  imiversally  adopted,  will  amount 
to  one  hundred  and  forty  thousand  tons  of  coal  per 
annum. 

Very  few  persons  have  any  idea  of  the  enormous 
size  of  some  of  the  distilleries  in  the  United  Kingdom. 
One  of  Mr.  Coffey’s  stiUs,  at  Inverkeithing,  works  off 
two  thousand  gallons  of  wash  per  hour,  and  one  which 
the  inventor  has  subsequently  erected  at  Leith,  for  the 
same  proprietors,  upwards  of  three  thousand  gallons. 
There  are  several  of  equal  magnitude,  and  it  is  stated 
that  those  now  at  work,  or  being  erected,  are  capable 
of  distilling  lialf  a million  gallons  of  wash  per  day — this 
wash  yielding,  on  an  average,  from  eleven  to  twelve 
per  cent,  of  proof  spuit. 

The  great  difficulties  distillers  in  general  had  formerly 
to  contend  with,  are  no  longer  encountered,  as  the 
advancement  of  science  necessarily  improves  every 
branch  of  industry.  No  one  can  observe  the  difference 
of  the  condensation  of  aqueous  and  alcoholic  vapors, 
and  look  at  the  various  apparatus  of  the  present  time, 
without  coming  to  the  conclusion,  that  chemistry,  in 
particular,  has  conferred  very  great  improvements  in 
distillation. 

The  continental  savans  were  the  first  to  offer  im- 
proved forms  of  stills.  Kelative  to  the  distillation 
or  production  of  ardent  spirits,  the  improvements 
are  principally  of  two  kinds:  firstly,  relating  to  the 
constraction  of  proper  apparatus,  by  the  use  of  which 
spirit  of  a superior  strength  is  obtained  from  the  first 
distillation,  without  the  trouble  of  repeated  distillations, 
as  in  the  older  methods ; and  secondly,  the  knowledge 
acquired  in  employing  the  most  economical  quantities 
of  materials  from  which  spirits  are  obtained  in  this 
country,  as  well  as  in  the  proper  fermenting  operations 
to  which  such  materials  are  subjected  previous  to  dis- 
tillation. 

M.  PoissONiER,  in  the  year  1779,  proposed  a modifi- 
cation of  the  common  stiU,  and  deemed  his  plan  to  he  the 
ultimate  pitch  of  perfection  of  which  the  stiU  was  sus- 
ceptible. His  modification  would  most  lilrely  have 
come  mto  general  use,  had  it  not  been  for  the  better 
and  more  ingenious  invention  of  M.  Adam,  an  obscure 
person  of  Nimes,  who  was  devoid  of  scientific  know- 
ledge, and,  though  a distiller,  was  ignorant  of  the  art 
which  he  improved.  Being  an  auditor  of  a course  of 
chemical  lectures  at  Montpelier,  during  which  the  merits 
of  a Woulfe’s  apparatus  as  a condenser  were  discussed, 
he  conceived  the  idea  of  constructing  a stUl  in  which  the 
principles  of  the  apparatus  of  Glauber  and  Woulfe 
should  be  applied  in  the  condensation  of  the  vapor. 
Accordingly,  he  diligently  applied  himself  to  the  con- 
struction of  an  apparatus  on  these  principles,  and,  after 

repeated  additions  and  alterations,  it  was  found  to  an- 
swer the  intended  purpose.  He  took  a ten  years’  brevet, 
or  patent,  in  1801,  for  his  invention,  and  since  that 
time  a complete  revolution  has  heen  effected  in  tlie 
art  of  distillation.  About  the  same  time,  M.  Solimani 
obtained  a patent  for  another  form  of  distillatory  appa- 
ratus. This  gentleman  was  a physician  at  Nimes,  and 
formerly  lecturer  on  chemistry  and  experimental  philo- 
sophy, and  disputed  the  priority  of  his  invention  with 
M.  Adam  ; but  his  patent  is  dated  a few  days  later  in 
July,  1801,  than  Adam’s,  Various  other  modifications 
of  the  still  and  condensing  apparatus  were  introduced, 
the  most  important  being  that  of  M.  Berard,  which 
he  patented  on  the  16th  of  August,  1805. 

Adam’s  still,  however,  continued  to  be  most  in  use, 
not  so  much  on  account  of  its  merits — for  it  was 
considerably  inferior  to  Solimani  and  Berard’s — 
but  owing  to  the  quarrelsoma  lisposition  of  the  paten- 
tee, whose  cupidity  led  him  to  suppose,  as  his  brevet 
specified  that  the  whole  of  the  alcohol  could  be  obtained 
from  wines  when  distilled  in  his  apparatus,  that  the 
other  inventions  were  an  infringement  on  his  rights; 
and  the  lawsuits  to  which  he  exposed  those  using  any 
new  invention,  prevented  the  general  use  of  any 
other  than  his  own.  This  litigiousness  of  M.  Adam, 
however,  became  afterwards  his  just  corrector;  for, 
after  realizing  a handsome  fortime  by  his  own  distillery 
and  the  proceeds  of  his  patent,  he  became  so  immersed 
in  lawsuits,  which  ultimately  proved  unfavorable,  that, 
with  the  expenses  and  costs  of  these  heavy  cases,  he 
was  completely  reduced. 

Fig.  50  is  a drawing  of  Adam’s  still : B is  the  body 
of  the  still,  incased  in  brickwork,  and  is  heated  by  the 
furnace,  A.  The  head,  i,  of  the  stiU  carries  off  the 
vapor  to  a series  of  egg-shaped  vessels  of  copper,  ii,  ii,  ii, 
the  first  of  which  it  enters  at  the  top,  and  terminates  at 
the  bottom  in  a perforated  rose,  like  that  of  a watering- 
pot,  the  holes  being  about  an  eighth  of  an  inch  in  dia- 
meter. The  first  vessel  is  connected  with  the  second, 
and  the  second  with  the  third,  by  the  pipes,  k,  m,  pro- 
ceeding from  the  top  of  each,  and  terminating  at  the 
bottom  of  the  next,  in  the  form  of  a rose,  similar  to  the 
pipe,  I,  the  tubes  fitting  air-tight  into  them.  They  are 
supported  on  a framework,  Q p,  the  wider  end  being 
uppermost.  D,  d,  d are  cocks,  to  show  when  they  are 
half  -fuU.  The  last  vessel — here  the  third — is  furnished 
with  a bucket,  n,  soldered  to  its  upper  end,  and  fiUed 
with  water,  to  eondense  the  vapor ; the  hot  water  is 
drawn  off  by  the  stopcock,  o.  Wlien  the  stUl  is  furnished 
with  four  or  more  oval-shaped  vessels,  the  last  two 
have  refrigerators  attaehed  to  them ; if  strong  spirit  be 
not  required,  the  third  may  be  dispensed  with.  The 
pipes,  s,  R,  furnished  with  stopcocks,  connect  tlie  second 
and  third  vessel  with  the  globe,  t,  from  which  the  worm 
in  the  covered  vessel,  u,  proeeeds.  v is  a large  tub, 
which  contains  the  second  worm,  being  a continua- 
tion of  the  one  in  the  vessel,  u,  and  is  fiUed  witli  eold 
water  by  means  of  a water-pipe,  entering  at  the  bot- 
tom, though  not  shown  in  the  figure ; and  as  the  water 
gets  warm,  it  is  discharged  by  the  pipe,  c.  Another  pipe, 
a b,  issues  from  the  head  of  the  vessel,  u,  and  is  inserted 
in  the  globe,  T,  a continuation  of  which,  though  not  ex- 
pressed in  the  figure,  connects  this  globe  with  the  body 
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of  the  still,  or  with  either  of  the  egg-shaped  vessels,  at 
pleasure;  ggg  connects  the  vessel  u with  the  body  of 
the  still,  as  also  with  H,  H,  h,  by  means  of  the  branch- 
ing pipes  from  their  bottoms,  which  are  furnished  with 
stopcocks,  the  stopcocks,  in  the  pipe 

ggg,  serve  to  regulate  the  connection  with  either  of  these 
vessels,  as  occasion  requires  it.  The  pipe  and  stop- 
cock in  the  shoulder  of  the  boiler  regulate  the  proper 
quantity  of  wine  to  be  introduced  ; and  c,  another  pipe 
and  stopcock,  serves  to  nm  off  the  vinasse,  or  spent  wine, 
from  the  still,  when  all  the  spirit  has  been  eliminated. 


Another  pipe,  XXX,  connects  the  three  vessels,  as 
well  as  the  capital  of  the  stUl,  with  a small  worm  placed 
in  the  vessel,  f,  the  connecting  branch  pipes  being  fur- 
nished rvith  stopcocks,  to  open  or  close  a connection  with 
any  of  the  vessels,  o o is  a funnel  pipe,  which  serves  to 
charge  the  apparatus  with  repasse,  or  weak  brandy,  and 
is  joined  with  the  first,  H,  and  the  frame,  Q p,  by  iron 
stays.  The  whole  of  the  still  and  condensing  apparatus 
is  constructed  of  tinned  copper,  and  the  pipes  connected 
by  solder. 

Operations  are  begun  by  opening  the  stopcocks, 
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r,  I,  m,  n\  also,  the  pipe  in  the  shoulder  of  the  boiler, 
and  closing  the  cocks,  h,  i,  k‘,  the  vessel,  u,  is  then 
filled  with  wine  from  the  storehouse,  through  the  sup- 
ply pipe  inserted  in  the  cover,  by  means  of  a forc- 
ing pump,  till  the  wine  flows  out  by  the  pipe  in  the 
shoulder  of  b ; this  is  then  closed,  and  the  cocks,  k,  i,  h, 
opened  in  succession,  till  the  wine  flows  out  at  D d d, 
the  stopcocks,  n,  m,  I,  being  closed  as  the  still  and 
first  and  second  vessels  are  filled  in  succession.  The 
pumping  of  the  wine  is  continued  until  the  vessel,  u,  is 
nearly  filled ; afterwards  the  refrigerators,  N and  v,  are 
replenished  with  cold  water.  Everything  being  thus 
prepared,  all  the  lower  cocks  are  closed,  and  the  upper 
stopcocks,  M,  M,  R,  s,  opened,  in  order  to  allow  a free 
passage  for  the  vapor ; the  fire  is  then  urged  on  till  the 
liquor  in  the  still  begins  to  boil.  The  first  portion 
of  vapor  is  richer  in  spirit,  and  this  passing  into  the 
first  H,  by  the  capital  i,  is  condensed.  The  wine  in 
this  vessel — which  is  heated  by  the  vapor  rising  from 
the  boiler — contains  a greater  proportion  of  alcohol,  on 
which  accoimt  it  boils  quicker,  and  cannot  reach  as 
high  a temperature  as  the  liquid  in  B.  The  eliminated 
vapor  from  the  first  h,  in  consequence  of  the  low  tem- 
perature at  which  it  is  generated,  contains  less  water, 
and  this  being  condensed  in  the  second,  renders  the 
wine  which  it  contains  much  stronger  than  that  in  the 
first,  and  boils  at  a still  lower  heat.  The  more  aqueous 
portion  of  the  vapor  from  the  second  H,  passing  oft’ 
by  the  connecting  pipe,  k m,  is  partly  condensed  in  the 
third,  while  the  siu-charged  alcoholic  vapor  enters  the 


condensing  worm  in  the  vessel,  u,  through  the  pipe, 
s,  where  it  is  condensed,  and  flows  out  into  the 
receiver,  w.  This  is  tightly  covered  over  to  pre- 
vent evaporation  of  the  alcohol ; and  in  order  that  the 
stream  of  liquid  condensed  may  be  seen,  a glass  pipe 
connects  the  lower  end  of  the  worm  and  the  receiver. 
As  soon  as  the  distilled  product,  when  examined  by 
the  hydrometer,  shows  a diminution  of  strength,  the 
receiver  is  changed,  and  the  weaker  liquor,  or  repasse,  is 
collected  by  itself,  and  submitted  to  a second  distilla- 
tion. The  strength  of  the  liquor  in  the  boiler,  b,  or  in 
any  of  the  condensers,  may  likewise  be  ascertained  by 
means  of  the  pipe,  x x x,  which  proceeds  from  the  last, 
and  commimicates  with  the  small  worm,  f,  beside 
the  body  of  the  still ; from  each  of  the  others,  as  also 
from  the  capital,  pipes  open  into  it,  and  as  these  are 
each  furnished  with  stopcocks,  the  vapors  from  any 
particular  condenser,  or  the  still,  may  be  liquefied  in 
the  small  worm,  f,  the  other  commimications  being  cut 
off.  The  spirit  as  it  flows  out  at  the  end  of  this  worm 
is  received  in  a testing  glass,  and  examined  by  the 
hydrometer,  or  by  other  means.  When  the  liquor  in 
the  body  of  the  still  is  exhausted,  the  fire  is  withdrawn, 
the  other  communications  with  the  oval-shaped  vessels 
and  great  worm  are  cut  off,  and  the  cock,  c,  opened  to 
draw  off  the  vinasse,  or  residue.  If  it  also  appears  that 
the  liquid  in  any  of  the  condensers  is  exhausted,  it  is 
run  off  to  the  body  of  the  still  by  turning  the  stopcocks 
appended  to  it.  The  stiU  is  next  charged  by  allowing 
the  unexhausted  liquor  inH,H,H,  to  flow  in  tlu’ough  the 
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pip®)  999t  til®  remainder,  sufficient  to  fill  the  boiler 
as  before,  is  supplied  from  the  vessel,  u.  H,  H,  h may- 
be half  filled  with  brandy,  or  repasse,  through  the 
funnel  pipe,  o o ; after  which  the  lower  taps  are  closed, 
and  the  upper  ones  opened  as  before,  and  the  distil- 
lation continued.  During  the  transmission  of  the  alco- 
holic vapor  through  the  wine  vessel,  u,  the  contents 
become  heated,  and  some  spiritous  vapor  is  given  off, 
which  may  be  conducted  into  the  body  of  the  stfil,  or 
any  of  the  condensers,  as  deemed  desirable,  by  the 
pipe  6,  the  continuation  of  which  is  not  expressed  in 
the  drawing. 

When  weak  spirit  is  required,  the  communication 


with  the  third  h is  cut  off  by  closing  the  stopcocks,  M,  s, 
and  opening  k,  and  when  an  extra  strong  liquor  is  re- 
quired, a fourth  condenser  is  supphed ; for,  according  to 
the  statements  of  the  patentee,  the  more  condensers  that 
are  furnished,  the  better  and  more  completely  will  the 
rectification  be  effected.  The  body  of  this  kind  of  still 
is  stronger  than  ordinary,  in  consequence  of  the  pres- 
sure from  the  egg-shaped  vessels,  which,  of  course,  ren- 
ders the  expansive  force  of  the  vapor  greater. 

An  elevation  of  the  apparatus  of  Solimani  is  repre- 
sented in  Fig.  51,  of  which  Fig.  52  is  a section.  The 
distillation  is  effected  by  the  heat  of  boiling  water. 
Fom’  stills  constitute  the  set;  these  are  A,  A,  B,  b,  ii>  the 
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section,  placed  two  at  each  side  of  the  chimney,  T. 
Each  pair  of  stills  is  connected  at  the  bottom  by  the 
pipes,  E,  e'  ; the  body  of  each  still  is  about  four  feet 
square  and  eighteen  inches  deep,  and  rests  upon  stout 
iron  bars,  c c c,  firmly  fixed  in  the  walls  of  the  furnace. 
ddd'd'  are  the  necks  of  the  stills;  they  measure  about 
three  feet  in  breadth,  and  are  long  enough  to  rise  above 
the  stone  vault,/,  which  protects  the  stills  from  view  in 
Fi".  51.  The  heads  are  rather  low,  and  the  curvature, 
9 9 9'  9%  rather  wide;  they  are  soldered  to  a large 
pipe,  H h',  which  conducts  the  alcoholic  vapor  to  the 
copper  vessels,  k k',  forming  a part  of  the  condensing 
apparatus.  Some  of  the  vapor  is  condensed  in  these 
vessels,  and  forms  a liquid  layer  on  the  bottom,  through 
which  the  remaining  vapor  has  to  force  a passage, 
p f'  are  large  pipes  for  carrying  off  the  uncondensed 


gas  into  the  vessels,  i F,  wherein  is  contained  the  con- 
densing apparatus,  or  dephlegmator.  Another  small 
pipe,  not  sho-wn  in  the  figure,  carries  off  the  vapor  from 
I F into  the  condensing  medium,  immersed  in  water 
contained  in  the  stone  cistern,  M ; and  the  small  pipes, 
a a',  supply  the  cold  water  to  the  vessels  1 1 from  M.^ 

The  stills  are  charged  with  wine  through  the  main 
pipe  P,  which  branches  into  them.  By  turning  the  stop- 
cocks of  this  pipe,  either  pair  of  stills  may  be  charged 
with  wine,  as  the  pipe,  e,  and  the  termination  of  p,  reach 
nearlv  to  the  bottom  of  the  body  of  the  stills.  The 
pipe,  X X,  supplies  the  large  cistern,  M,  with  cold  water. 

The  condenser  in  each  of  the  vessels,  1 1 , is  kept 
cool  by  a self-acting  apparatus,  that  admits  the  water 
from  the  cistern,  M,  in  the  requisite  proportion  to  cool 
the  parallelogram  condenser. 
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The  stills  are  heated  by  two  boilers,  about  ten  feet 
long  and  four  and  a half  wide,  which  contain  about 
eight  to  twelve  inches  of  water  in  depth,  hbh'b' 
show  a portion  of  the  flue,  which,  at  the  fire,  is  about 
eight  inches  square,  and  gradually  gets  narrower  as  it 
approaches  the  chimney.  The  length  of  the  flue  from 
the  fire  to  the  chimney  is  about  thirty-six  feet,  being 
brought  several  times  back  and  forth  under  the  boilers, 
that  no  heat  may  be  lost,  s a'  are  pipes  for  carrying 
off  the  steam  into  the  chimney. 

During  the  time  the  stills  are  in  the  course  of  being 
charged,  the  water  in  the  boilers  is  raised  to  a tempe- 
rature of  212°,  and  the  steam  which  is  generated,  cir- 
culating around  the  stills,  heats  them  so  as  to  bring  their 
contents  to  a boiling  temperature  in  a very  short  time. 
The  alcoholic  vapor  that  rises  flows  down  through  h h' 
into  the  vessels,  K K';  part  of  it  is  here  condensed,  and 
the  remainder  which  continues  rarefied  enters  the  first 
condenser  through  the  large  pipe,  ff'.  All  the  con- 
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deused  liquid  that  is  formed  in  this  refrigerator  flows 
back  through  the  pipes,  F f',  into  K k',  where  it  collects 
till  it  rises  as  high  as  the  bend  of  the  attached  siphons, 
when  it  flows  into  the  large  covered  tanks,  N n'. 
After  the  condensed  weak  and  impure  spirit  has  accu- 
mulated in  N,  it  is  pumped  into  the  stills  by  means  of 
the  pumps,  n n n'n',  through  the  pipes,  vv^,  to  undergo 
a second  distillation,  ii'  are  doors,  by  which  to  enter 
when  any  repairs  are  required  by  the  boilers,  etcetera; 
k k',  the  doors  of  the  furnaces  for  heating  the  boilers, 
and  0 o',  the  ashpits.  The  pipes  which  discharge  the 
spent  wine  from  the  stills  are  seen  at  r r',  and  the 
gage,  or  glass  tube,  s s',  shows  what  height  of  liquid 
they  contain.  The  funnel  pipes,  tf,  serve  to  introduce 
water  into  the  boilers,  which  are  furnished,  like  the 
stills,  with  glass  gages,  v v',  to  show  the  height  of  water 
inside. 

A,  Fig.  53,  is  a section  of  one  of  the  vessels,  i,  on 
one  side  of  the  condensing  apparatus.  B is  a box  fixed 
on  the  bottom,  having  a valve,  c,  in  its  upper  part,  of 
sufficient  weight  to  resist  the  force  of  the  stream  of 
water  entering  the  box  by  the  pipe,  I,  from  the  large 
condensing  trough.  E f is  a floating  ball,  bearing  on 
its  upper  stem,  G F,  a basin,  G,  for  the  reception  of 
weights.  Tlie  lower  stem  of  the  float  has  a ring  at  the 
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end,  H,  through  which  a sliding  rod,  K L,  passes ; this 
rod  has  a weight  at  the  end,  K,  and  a hook  at  l,  which 
passes  through  the  ring  in  the  upper  end  of  the  rod,  M, 
attached  to  the  valve,  c ; k l is  supported  in  the  centre 
by  the  upright,  P ; R is  a horizontal  rod,  which  retains 
the  valve,  c,  in  its  proper  position  by  means  of  the  stem 
of  tlie  latter  passing  through  a ring  at  the  end  of  R. 
A sliding  rod,  s t,  is  inserted  in  the  side  of  the  vessel ; 
this  rod  has  a ring,  {,  at  its  end,  through  which  the  upper 
stem  of  the  float,  e f,  passes,  and  is  supported  by  the 
arm,  Q.  The  principle  of  the  working  depends  on  the 
rarefaction  of  the  water  when  heated,  and  on  the  pro- 
portionate decrease  of  specific  gravity.  Weights  are 
placed  on  the  basin,  g,  to  counterpoise  the  float  at  the 
exact  temperature  at  which  it  is  desirable  to  have  the 
water.  When  the  water  gets  hotter  than  this,  the 
float  descends,  and  pressing  on  the  lever  rod,  k l,  at  ii, 
raises  the  valve,  c,  when  the  water  from  the  pipe,  I, 
enters ; when  sufiScient  water  has  entered  to  cool  down 
the  vessel  to  the  proper  degree,  as  regulated  by  the 
float,  the  valve  closes. 

In  case  the  float  is  found  not  to  act  properly,  or  that 
the  water  rises  considerably  above  the  temperature  to 
which  the  weights  on  the  basin  correspond,  the  rod, 
s T,  is  to  be  pushed  further  into  the  vessel,  which  moves 
the  lower  end  of  the  float  towards  K,  and  by  this 
means  greater  force  is  applied  to  raise  the  valve  c,  in 
order  that  cold  water  may  enter. 

The  condensing  apparatus,  or  dephlegmator,  in  the 
vessels  1 1'  and  m,  in  Fig.  61,  consists  of  two  broad 
sheets  of  tinned  copper  so'ri--  together,  so  as  to  leave 
only  one-sixth  of  an  inch  between  them.  In  the  ves- 
sels 1 1',  the  dephlegmator  forms  four  inclined  planes, 
and  in  m m'  it  is  composed  of  six.  These  are  the  more 
advantageous  on  account  of  the  extent  of  surface  which 
is  exposed  to  the  condensing  action  of  the  strata  of 
water.  Figs.  54  and  55  show  the  position  of  these 
condensers. 

Having  described  the  still  and  condensing  apparatus, 
the  manner  of  working  will  now  be  shown.  The 
boilers  being  replenished  with  water  to  the  depth  of 
about  eight  inches,  the  fire  is  urged  under  them ; during 
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the  time  this  is  being  done,  wine  runs  into  the  still  through 
p and  e — Fig.  51 — till  it  reaches  the  proper  height,  as 
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indicated  by  the  gage  s,  when  the  taps  of  tlie  supply 
pipe  are  turned  off.  As  soon  as  the  water  begins  to 
boil,  the  contents  of  the  still  are  likewise  heated,  and 
the  vapor  produced  is  forced  to  descend  by  the  pipe, 
H,  into  the  vessel,  K,  where  some  of  the  aqueous  por- 
tions are  condensed.  The  remainmg  portion  of  the 
vapor  traverses  the  layer  of  hquid  in  its  passage 
into  the  condensing  vessel,  i.  Here  the  excess  of 
steam  is  condensed,  and  flows  back  into  the  vessel,  K, 


Pig.  66. 


through  the  pipe,  f ; and  wlien  tlie  weak  and  impure 
spirit  collects  in  this  to  that  extent  that  it  rises  as 
high  as  the  bent  siphon  tube,  it  is  discharged  into 
the  tank,  n,  whence  it  is  again  returned  to  the  still 


by  the  pump,  n n.  But  very  little  spirit  is  condensed 
in  1 1',  when  the  apparatus  in  this  vessel  for  the  regu- 
lation of  the  supply  of  cold  water  is  properly  attended 
to,  and  the  strong  alcoholic  vapors  pass  off  into  the 
condensing  vessel,  m,  where  they  are  liquefied,  and  flow 
out  into  the  receiver,  s.  When  the  hquor  in  the  tank, 
N,  appears  exhausted,  it  is  no  longer  returned  into  the 
stiU,  but  is  rejected  as  useless,  and  fresh  quantities  of 
wine  are  run  in  by  turning  the  stopcocks  of  the  pipe, 
P,  and  tlie  distillation  continued,  till  the  accumulation 
of  tartar  and  coloring  matters  renders  it  necessary  to 
discharge  the  whole  contents,  so  as  to  guard  against 
the  stills  becoming  furred. 

The  vinasse  is  drawn  off  by  turning  the  taps,  r »•',  and 
the  stills  washed  by  pumping  water  into  them  till  it 
comes  through  clear.  This  apparatus  was  foimd  to 
answer  well ; hut  it,  in  common  with  Adam’s  and  the 
various  stills  of  the  period,  retained  the  great  evil 
of  not  being  continuous  in  its  operations,  and  hence 
much  time,  labor,  and  fuel  were  lost,  by  allowing  the 
stills  to  cool,  for  the  purpose  of  discharging  the  spent 
liquor,  recharging,  and  again  raising  the  temperature 
sufficiently  to  effect  distillation. 

Subsequently  to  the  introduction  of  Adam’s  and 
SoLiMANi’s  stills,  improved  ones  were  announced  by 
Berakd  and  others.  Beraed’s  still  was  not  so  com- 
plex as  either  of  those  mentioned,  and  it  was  more 
easily  managed ; but  the  loss  in  fuel  was  considerably 
greater,  as  the  operation  had  to  be  arrested  several 
times  for  the  purpose  of  discharging  and  replenishing 
the  stUl. 

The  first  to  conceive  the  idea  of  constructing  an 
apparatus  by  which  continuous  distillation  might  be 
caiTied  out,  was  M.  Baglioni.  His  attempt,  however, 
was  not  very  successful ; but  the  subject  was  taken  up 
by  M.  Cellier  Blumenthal,  who  constructed  an 
apparatus  which  was  found  to  possess,  in  an  eminent 
degree,  aU  the  requirements. 

The  still  constructed  hy  Blumenthal  afterwards 
became  the  property  of  M.  Deeosne,  who  very  much 
improved  it  with  respect  to  continuous  distillation ; so 
much  so,  that  it  in  a great  measure  superseded  all  the 
preceding  distilling  apparatus.  The  following  is  an 
accoimt  of  the  improved  still  of  Derosne,  on  the 
principle  of  the  inventor. 

Fig.  56  is  a general  view  of  the  continuous.  ditiUa- 
tion  apparatus.  It  is  composed  of  seven  principal  parts 
— namely,  the  boilers,  the 
distflling  column,  the  rectify- 
ing column,  the  condenser 
and  wine-warmer,  the  refri- 
gerator, the  vat  where  tlie 
wine  is  contained,  and  the 
vessel  which  determines  the 
flow  of  wine  into  the  appara- 
tus. Of  these,  A and  b are 
the  boilers,  encased  in  ma- 
sonry or  brickwork.  The  fire 
is  apphed  under  a,  and  tlie 
extra  heat  is  commimicated  to  B by  the  flue  passing 
under  it  in  its  way  to  the  chimney ; c is  the  column 
of  distillation;  D the  column  of  rectification;  EE  tlie 
condenser  and  wine-heating  vessel;  P the  refrigerator; 
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G is  a vessel  that  furnishes  the  wine  to  the  refri- 
gerator— this  vessel  supplies  itself,  by  means  of  a 
stopcock,  from  the  store-vat,  h,  where  the  wine  to 
be  distilled  is  kept.  The  cock  of  this  part  is  re- 
gulated by  a floating  ball,  which  closes  it  when  the 
liquid  rises  in  G.  i is  a tube  of  communication,  con- 
ducting the  alcoholic  vapors  of  the  rectifying  column, 
D,  to  the  worm  in  the  condenser,  or  wine-heating 
vessel. 

a is  a stopcock,  which  canies  off  the  spent  wine  of 
the  boiler,  a.  When  the  operation  is  in  progress,  this 
cock  is  always  open,  and  the  exhausted  wine  flows  off 
continually.  6 is  a gage-pipe,  which  indicates  the 
height  of  the  liquid  in  the  boiler,  A ; c,  a safety  valve  or 
pipe,  to  show  the  pressure  on  the  hoUer,  A;  d,  a,  stop- 
cock, which  allows  the  liquid  from  the  boiler,  B,  to  flow 
into  the  bottom  of  the  boiler,  A ; e e is  a tube  that  con- 
ducts the  alcoholic  vapors  formed  in  the  boiler.  A,  to 
tlie  bottom  of  the  boiler,  b ; the  vapor,  in  passing 
through  B,  heats  the  liquid  and  condenses  in  part,  /is 
a gage,  to  show  the  level  of  the  liquid  in  the  boiler  b ; 
g,  g,  level  gages,  indicating  the  height  of  the  hquid  in 
the  compartments  of  the  rectifying  column,  d;  A,  a 
tube,  conducting  the  wine  of  the  lower  part  of  the 
condenser,  E,  to  the  topmost  beveled  plates  in  the  in- 
terior of  the  distilling  column ; » is  a stopcock,  by  which 
all  the  heated  wine  in  the  wine-heating  vessel,  or  con- 
denser, E,  flows  into  the  column,  c,  when  a distilla- 
tion is  coming  to  a termination ; ^ Z are  tubes,  adjusted 
to  the  wine-warmer — the  one  descends  as  far  as  the 
lower  compartment  of  the  rectifying  column,  whence  it 
rises  again  to  the  fifth;  the  other  tube  descends  as  far 
as  the  third  compartment,  and  rises  again  above  the 
second  compartment.  At  the  point  of  curvature  of 
each,  stopcocks  j and  k are  fixed,  intended  to  draw 
off,  at  will,  the  small  portion  of  the  condensed  Hquid 
brought  back  into  the  rectifier,  m,  n,  and  o,  are  tubes 
connected  with  the  inclined  pipe,  pp,  at  one  end,  and 
the  pipes,  I,  I,  at  the  other.  The  three  communications 
serve  to  produce  a brandy  of  more  or  less  strength.  If 
it  be  required  to  obtain  a stronger  spirit,  the  alcohoUc 
vapor  that  is  condensed  in  the  worm,  s,  is  entirely  re- 
conducted to  the  rectifier,  d ; and,  that  this  may  be 
attained,  it  is  only  required  to  open  the  stopcocks,  n 
and  o ; a spirit  less  strong  is  obtained  on  closing  the 
stopcock,  0,  and  a stiU  weaker  product  on  closing  the 
stopcock,  w;  for  the  liquid  formed  in  the  worm  of  this 
cylinder  flows  off  to  the  refrigerator,  f,  together  with 
the  stronger  alcohoUc  vapor,  pp  is  a pipe  for  receiving 
the  whole  of  the  alcohoUc  Hquid  condensed  in  each  of  the 
revolutions  of  this  worm,  g g ^ are  closed  openings  in 
the  upper  part  of  the  wine- warmer,  which  admit  a per- 
son for  the  purpose  of  cleaning  it.  R is  a tube  con- 
ducting the  alcohoUc  vapors  not  condensed  in  the 
wine-warmer  to  the  worm  of  the  refrigerator,  f,  where 
\hey  are  whoUy  Uquefied ; s,  a tube  which  supplies  the 
wine  from  the  reservoir,  G,  to  the  lower  part  of  the 
refrigerator,  f.  t is  a tube  which  conducts  the  wine 
from  the  upper  part  of  the  refrigerator,  f,  to  the  upper 
part  of  the  wine-warmer,  e.  u is  the  funnel-opening  of 
the  pipe,  s,  conducting  the  wine  from  G to  the  refri- 
gerator; V,  a stopcock,  regulating  the  flow  into  the  tube, 

< ; a:,  a tube  conducting  the  finished  spirit  from  tfle  re- 


frigerator— it  is  so  constructed,  as  appears  in  the  figure, 
that  an  areometer  adjusted  to  it  always  indicates  the 
strength  of  the  brandy.  Having  described  the  appara- 
tus, it  wiU  be  necessary  to  say  a few  words  in  explana- 
tion of  the  complex  parts. 

The  interior  arrangement  of  the  distiUiug  column  is 
represented  in  Fig.  57.  The  surface  of  the  Hquid 

Fig.  67. 


0 


descending  through  this  column  is  greatly  increased  by 
flowing  in  a thin  stratum  aver  the  several  plates  suc- 
cessively, and  the  alcohol  it  contains  eUminated  with 
great  facility  by  the  ascending  hot  vapor.  There  are 
three  openings,  o p q — Fig.  56 — ^for  cleaning  the  inside. 
Ten  pair  of  copper  plates  are  enclosed  in  this  cylinder, 
and  placed  in  such  a zig-zag  way  as  to  recUne  down- 
wards alternately,  as  seen  in  the  section ; the  liquid, 
entering  at  the  top,  faUs  over  each  of  the  plates  in  suc- 
cession, thus  makmg  a longer  course,  and  becoming 
more  exposed  to  the  hot  vapor. 

Fig  58  is  a sectional,  and  Fig.  59  an  exterior  view  of 
the  rectifying  column.  Six  inverted  vessels  occupy  the 
interior,  and  are  so  arranged  that  the  alcohoUc  vapor  is 
forced  to  traverse  a thin  layer  of  liquid  in  each.  The 
condensed  liquid  returns  to  the  column,  c,  and  the  un- 
condensed vapor  passes  onwards  to  the  worm  in  the 
first  condenser  by  the  pipe,  i. 

In  these  figures  the  position  of  the  pipes,  L L,  wUl 
be  better  understood ; in  the  front  view  one  is  repre- 
sented descending  to  the  lower  and  rising  again  to  the 
third  vessel,  and  the  other  coming  to  the  third  and 
mounting  again  to  the  second,  and  the  sectional  figure 
shows  the  communication  of  those  pipes  vrith  the 
interior  of  the  cylinder.  G G are  cases  for  the  glass 
gages ; and  the  sketches  at  foot  are  bfrd-eye  views  oi 
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the  position  of  the  respective  tubes,  here  indicated  by 
the  dark  spots,  and  the  letters,  H,  m,  k,  j,  and  L. 

Fig.  58.  Fig.  59. 


Figs.  60,  61,  and  62  are  details  of  the  condenser,  e, 
the  first  being  an  end  view,  the  second  a longitudinal, 
and  the  third  a transverse  section  at  a/.  Fig.  61. 

At  each  revolution  of  the  worm,  in  Fig.  61,  it  com- 
municates with  the  canal,  ppi  by  a short  connecting 
pipe.  The  wine  enters  from  the  pipe,  t,  shewn  in  the 
upper  part  of  Fig.  56,  and  percolates  small  holes,  as  seen 
at  y y in  Fig.  61,  over  the  worm,  which  it  thereby  cools 


sufficiently  to  condense  most  of  the  aqueous  part  of  the 
vapor  passing  through  it.  Fig.  63  shows  the  arrange- 
ment in  the  refrigerator,  s; 
and  the  cut  appended,  a bird-  Fig.  63. 

eye  view  of  the  top  of  this 
column.  In  these  figures,  the 
same  letters  indicate  the  same 
parts  as  in  the  general  view. 

Fig.  56. 

Referring,  therefore,  to  Fig. 

56,  in  connection  with  the 
parts  shown  in  detail, — when 
operations  are  to  commence, 
the  boiler.  A,  is  filled  with 
wine  through  k,  till  within  two 
or  three  inches  of  the  top,  as 
indicated  by  the  gage,  h\  the 
fire  is  lighted,  and  the  stop- 
cock, «,  opened,  and  the  wine 
allowed  to  flow  into  the  re- 
frigerator, F,  thence  into  the 
condenser,  e;  and  when  this 
vessel  is  filled,  the  liquid  flows 
through  the  overflow  pipe,  A, 
into  the  distUling  column,  c, 
and  ultimately  to  the  boiler, 

B,  imtil  it  rises  to  within  five 
or  six  inches  of  the  top  of 
the  gage  pipe,  /,  when  the 
cock,  «,  is  closed.  As  soon 
as  the  liquid  in  A boils,  alco- 
holic vapor  escapes  by  the 
pipe,  e,  into  the  bottom  of 
the  boiler,  B,  where  it  is  at 
first  condensed,  and  there- 
by the  liquor  in  this  vessel 
becomes  richer  in  spirit. 

Shortly,  the  liquor  in  b,  in 
consequence  of  heat  it  derives  from  the  traversing 
vapor,  and  its  being  richer  in  alcohol,  begins  to  boil ; 


Fig.  60. 


Fig.  62. 


part  of  the  vapor  rismg  through  the  distilling  column 
and  rectifier  is  condensed,  while  the  uncondensed  por- 
tion passes  into  the  condenser  thi'ough  the  pipe,  i. 
When  the  liquid  in  the  condenser  becomes  so  hot 
that  the  hand  cannot  rest  in  contact  with  the  outer 
case,  the  stopcocks,  a,  cf,  and  v,  are  opened,  and  the 


wine  allowed  to  flow  till  it  reaches  the  boilers,  b and  A. 
As  it  descends  through  the  distiUing  column,  it  is 
divested  of  the  greater  part  of  its  alcohol  by  the  as- 
cending vapor ; during  its  stay  in  the  boiler,  b,  almost 
all  the  remaining  quantity  is  removed,  and  the  very 
last  traces  are  separated  in  the  first  boiler,  so  that 


ALCOHOI 


-Distillation. 


85 


■] 


It  is  completely  exhausted  as  it  flows  ofif  by  the  waste 
stopcock,  a. 

It  is  found,  however,  that  the  charge  entering  into 
the  first  boiler  from  u,  if  allowed  to  run  off  at  the  full 
bore  of  the  discharge-cock  attached  to  boiler  A,  would 
retain  small  quantities  of  alcohol.  If  the  alcoholic 
liquid  remained  always  in  a higher  stratum  in  the  boiler, 
then  the  tap,  might  be  left  open ; hut,  in  consequence 
of  the  boiling  of  the  hquid,  no  such  division  can  be 
expected.  On  this  account,  therefore,  it  is  absolutely 
necessary  to  shut  the  discharge-cock  of  boiler  A,  for  a 
longer  or  shorter  time,  while  the  liquid  is  in  a state  of 
ebullition,  and  to  slacken  the  fire  while  the  spent 
liquor  is  drawn  off  from  the  boiler. 

Another  stiU  was  cortrived  to  carry  out  the  principle 
of  iminterrupted  distillation  by  M.  St.  Marc,  a veteri- 
nary surgeon  attached  to  the  personal  staff  of  Bona- 
parte. After  the  battle  of  Waterloo,  St.  Marc  toned 
distiller  in  France,  and,  about  the  year  1823,  he  re- 
moved to  England.  Here  he,  and  a few  others,  formed 
a company  for  the  fabrication  of  brandy  from  potatoes, 
and  erected  large  works  near  London ; the  project  failed, 
after  three  years’  operation  on  a very  extensive  scale, 
leaving  the  speculators  minus  some  forty  or  fifty  thou- 
sand pounds. 

St.  Marc,  however,  was  not  idle  during  the  time 


the  works  were  extant,  for,  by  attention  to  his  views 
on  continuous  distOlation,  he  effected  many  valuable 
improvements  in  the  form  of  his  stfil.  He  completed 
this  article  in  1827,  and  obtained  a patent  for  the 
United  Kingdom ; he  then  disposed  of  it  to  some  Lon- 
don gentlemen,  and  returned  with  the  proceeds  to  his 
native  country. 

This  still  came  into  great  request  among  the  prin- 
cipal distillers  of  London,  Bristol,  and  other  chief  towns, 
where  it  had  been  reputed  to  work  with  great  satisfac- 
tion. For  the  distillation  of  wash,  however,  it  ranks 
far  behind  Coffey’s.  It  is  said,  that  at  the  establish- 
ment of  Messrs.  Nicholson  at  Clerkenwell,  one  of  these 
stfils  produced  one  thousand  gallons  of  gin  hourly,  the 
cleansing  and  flavoring  processes  proceeding  at  the 
same  time.  It  was  in  great  demand,  also,  for  the  dis- 
tillation of  rum  in  the  West  Indies,  and  several  other 
English  colonies,  as,  by  its  use,  considerable  outlay  in 
fuel,  puncheons,  freight,  and  shipping  charges  were 
dispensed  with. 

Figs.  64  and  65  are  sectional  and  front  engravings  of 
the  still.  It  consists  of  seven  coppers,  placed  one  above 
the  other,  and  numbered  in  the  section,  1, 2, 3, 4, 5, 6, 7, 
of  which  six  contain  the  wash  or  hquor  to  be  distilled, 
and  the  seventh  or  upper  one,  water.  The  coppers, 
which  are  held  together  by  flanges  and  bolts,  com- 


Fig.64. 


Fig.  65 


municate  with  each  other  by  the  double  tubes,  A A, 
through  which  the  vapor  ascends,  and  also  by  the  pipes, 
B B,  by  means  of  which  the  wash  descends  from  one 
copper  to  another  in  succession,  beginning  with  the 
uppermost  but  one,  N 6,  into  which  it  is  introduced  by 


a pipe  and  tap,  c,  from  the  wash-charger,  D.  The 
lowest  or  first  copper,  which  constitutes  the  body  of 
the  still,  and  receives  the  heat  of  the  fire,  does  not 
differ  from  the  ordinary  boilers,  but  the  second  and 
third  coppers  each  contain  four  of  the  double  tubes.  A, 
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and  two  of  the  pipes,  b.  The  fourth,  fifth,  and  sixth 
coppers  have  likewise  the  pipes,  b,  but  have  only  one 
double  pipe.  A,  in  each,  placed  under  hemispherical 
domes,  E e E,  constructed  upon,  and  tightly  flanged 
and  bolted  to  the  coppers  that  have  just  been  men- 
tioned. Six  spiral  tubes,  or  vertical  worms,  F,  of  which 
only  one  appears  in  the  engraving,  conduct  the  vapor 
from  the  upper  dome  through  the  water  in  the  top 
division;  these  communicate  with  the  chamber,  G, 
capped  by  a small  dome  and  pan,  which  is  kept  replen- 
ished with  cold  water,  and  the  portion  of  vapor  remain- 
ing uncondensed  passes  out  to  the  common  condensing 
worm,  by  the  large  pipe,  h.  i shows  a pipe  and  stop- 
cocks for  conveying  water  to  the  top  copper.  No.  7, 
and  chamber,  g,  and  any  waste  water  that  may  be 
used  for  scalding  or  cleaning  the  backs  is  carried  off  by 
the  pipe,  K,  which  is  furnished  with  a branch  pipe  and 
stopcock.  Water  is  conducted  from  the  upper  copper 
through  the  pipe  and  stopcock,  l,  to  the  several  lower 
compartments  into  which  it  is  introduced  by  means  of 
the  stopcock,  M,  appended  to  each;  the  water  is  used 
for  bringing  down  the  wash  at  the  close  of  a back,  as 
well  as  for  cleaning  the  coppers.  A man-hole,  N,  is  fur- 
nished opposite  to  the  pipe  and  stopcocks,  M,  to  admit  of 
their  being  thoroughly  cleansed,  and  also  to  make  repairs. 

Having  described  tlie  apparatus,  it  only  remains  to 
give  a brief  accoimt  of  the  operation.  In  the  words 
of  Morewood  : — 

The  first  three  coppers — of  which  the  second  and 
third  only  are  intersected  with  double  pipes — distil 
almost  at  the  same  time ; the  lowest,  being  that  sub- 
mitted to  the  action  of  the  fire,  operates  on  the  others 
by  the  discharge  of  its  vapor,  which,  ascending  by 
means  of  the  pipes,  passes  into  the  wash,  and  is  there 
condensed,  infusing  its  caloric  into  that  liquid,  which  is 
thereby  quickly  brought  to  the  boiling  point.  The 
uncondensed  portion  of  vapor  from  the  second  compart- 
ment passes  into  the  third  with  similar  effect.  The  new 
vapor,  necessarily  stronger  than  the  first,  ascends  into 
the  fourth  section,  where  it  is  received  under  a semi- 
spherical  dome,  which  prevents  it  communicating 
directly  ■with  the  cold  wash  contained  in  that  copper. 
In  this  place  the  more  aqueous  portion  of  the  vapor  is 
condensed,  and  during  this  transition  it  yields  its  latent 
heat  to  the  wash  which  surrounds  the  dome,  bringing 
it  to  a higher  temperature.  The  most  volatile  or  spiri- 
tous  portion,  which  passes  into  the  fifth  section,  ex- 
periences the  same  change  as  the  vapor  in  the  fourth 
dome,  and  so  on  to  the  uppermost  — the  alcoholic 
vapor  becoming  stronger  as  it  traverses  every  succeed- 
ing dome.  The  condensed  portion  in  each  dome  returns 
through  the  coppers  to  the  third  chamber,  and  meeting 
with  the  ascending  hotter  vapors,  they  are  partially  re- 
distilled in  their  progress.  In  the  third  copper  a second 
distillation  commences,  gi'ving  off  anew  its  alcohol. 

To  explain  why  the  watery  vapor  is  forced  to  return 
to  the  third  copper,  and  is  there  found  totally  separated 
from  the  alcohol,  it  is  sufificient  to  state,  that  water  does 
not  boU  under  a heat  of  212°  Fahr.,  while  alcohol  boils 
at  173°.  When,  therefore,  the  watery  and  alcohohc 
vapors  rise,  and  are  successively  received  in  one  or 
more  atmospheres  of  from  200°  or  190°  to  174°,  the 
aqueous  vapor  becomes  separated  from  the  alcoholic. 

and  is  condensed,  and  tlie  latter  alone  passes  out  to 
the  worm,  and  thence  to  the  receiver  at  the  desired 
strength. 

From  the  foregoing  particulars,  it  is  e'vident  that  a 
large  portion  of  the  spirit  is  distilled  by  vapor  or  steam, 
and  is,  consequently,  more  pure  than  that  obtained  by 
the  ordinary  apparatus.  If,  therefore,  all  the  bad  flavor 
arises  from  long  and  -vdolent  exposure  of  the  wash  to  the 
action  of  the  fire,  this  process,  as  well  as  those  already 
described,  is  calculated  to  ob’viate  entirely  that  injurious 
effect,  and  to  yield  a spirit  whoUy  divested  of  any  em- 
pyreuma.  One  distillation  only  is  effected  by  the  fire ; 
this  is  immediately  succeeded  by  two  vapor  or  steam 
distillations,  and,  subsequently,  by  four  purifying  con- 
secutive processes,  which  divest  the  spirit  of  all  im- 
purities, and  it  comes  over,  at  one  operation,  of  the 
strength  of  35  or  40  per  cent,  over  proof,  by  Sykes’ 
hydrometer. 

A stOl  of  seven  compartments,  such  as  described,  will 
produce  spirit  no  stronger  than  35  or  40  per  cent,  above 
proof;  but,  by  increasing  the  number  of  coppers  or 
sections,  a much  stronger  liquor  might  be  obtained  by  a 
single  operation. 

To  ascertain  the  precise  time  for  charging,  after 
the  exhaustion  of  the  wash  in  the  lower  copper,  it  is 
only  necessary  to  open  what  is  called  the  proof  tap 
placed  in  its  side ; and  if  the  vapor  issuing  from  it  will 
not  ignite  on  the  application  of  a candle,  it  is  evident 
a fresh  charge  is  wanting.  The  discharge  of  the  spent 
wash  from  the  lowest  vessel,  the  supply  from  the  next 
copper  to  replace  it,  and  the  opening  of  the  tap  in 
the  pipe,  communicating  between  the  charger  and  the 
top  of  the  stiU  to  admit  more  wash,  are  aU  the  work  of 
about  a minute,  during  which  distillation  never  ceases. 

The  advantages  of  this  apparatus  are  numerous,  but 
may  be  briefly  stated  to  consist  in  the  saving  of  about 
two-thirds  of  the  fuel  usually  consumed ; an  increased 
produce,  by  economizing  what  is  lost  by  evaporation  in 
the  three  compartments,  with  their  pumpings,  et  cetera, 
in  the  ordinary  system ; a considerable  sa'ving  of  labor, 
there  being  but  one  furnace,  and  one  tad-pipe,  instead 
of  three  or  sometimes  four ; to  which  may  be  added, 
the  advantage  of  dispensing  with  low  ■wines  and  faints’ 
receivers  and  chargers,  together  ■with  their  connections 
and  pumps,  and  the  power  required  to  put  them  in 
operation. 

A safe  of  a superior  natoe  has  been  constructed  by 
Mr.  Sharpe,  one  of  the  patentees.  It  is  attached  to 
the  end  of  the  worm,  and  holds  a large  glass  cylinder, 
in  which  a thermometer  is  suspended ; at  each  side  of 
this  cylinder  are  two  smaller  ones,  in  which  are  placed 
hydrometers,  one  for  ascertaining  the  strength  when 
abme,  and  the  other  when  below  proof.  The  safe  is 
so  ingeniously  contrived,  as  to  enable  the  distiller  to  see 
the  strength  and  color  of  the  spirits,  and  also  to  take  a 
sample,  which,  however,  is  registered  against  him  upon 
a dial,  and  no  spirit  can  be  siureptitiously  obtained, 
while  it  serves  to  prevent  fraud  both  on  the  proprietor 
and  the  revenue. 

The  Germans  employed,  and  still  use  on  a small 
scale,  an  apparatus  for  the  distillation  of  the  fermented 
extract  of  malt,  similar  to  Fig.  66,  and  which  bears  the 
name  of  Dorn’s  still. 
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The  principal  parts  are  the  body  of  the  still,  A,  the 
wort- warming  vessel,  c,  and  the  condenser,  d.  The  still 
is  furnished  with  a discharging-cock,  a,  and  a small  pipe 
with  stopcock,  r,  is  inserted  in  the  head,  which  pipe  is 
connected  with  the  end  of  a small  worm  in  the  tub,  p. 
c is  an  iron  or  copper  vessel,  furnished  with  a double 
bottom,  the  one  twelve  inches  above  the  other.  In 
the  upper  part  of  this  vessel  are  contained  a few  cods  of 
worm,  g g,  the  lower  end  of  which  passes  downwards 
through  the  first  bottom  to  within  one  or  two  inches  of 
the  other.  An  opening  at  the  top  of  the  preparer 
receives  an  agitator,  h,  which  may  be  turned  by  the 
hand ; a cross  bar,  d,  at  the  end  of  this  upright  rod, 
skims  the  interior  bottom  of  any  sedimentary  matter 
which  may  deposit  on  it.  The  opening,  G,  serves  to 
charge  the  vessel  with  liquor ; E and  F are  communica- 
tions between  both  compartments  of  the  vessel,  c,  and 
the  body  of  the  still,  for  the  purpose  of  supplying  it 
with  the  liquor  contained  in  both  these  parts  for  dis- 
tillation ; 6 is  an  overflow-pipe  and  stopcock,  by  which 
it  is  ascertained  when  c is  replenished.  A pipe,  i, 


issues  from  the  far  end  of  the  lower  part  of  the  vessel, 
c,  and  is  connected  with  the  second  worm,  c c,  in  the 
large  worm-tub,  D.  Another  pipe,  e,  enters  the  pre- 
parer for  the  purpose  of  cleaning  it  with  water  at  the 
termination  of  the  distillation;  the  water  is  run  into  the 
boiler  of  the  stUl,  and  drawn  off  at  the  discharge-cock, 
a.  A pipe  from  an  adjacent  cistern,  or  reservoir,  sup- 
plies the  large  tub,  D,  with  cold  water,  and  from  this  tub 
water  is  supplied  to  the  pipe,  e,  through  the  stopcock,/. 

An  apparatus  is  furnished  at  the  end  of  the  worm,  as 
it  issues  from  the  tub,  in  order  that  the  flow  of  the 
liquor  may  be  observed,  and  its  strength  noted  at  the 
same  time.  It  consists  of  a tube,  bent  at  right  angles, 
as  at  s t,  the  upper  part  of  which  terminates  in  a curve, 
X,  through  which  the  air  of  the  worm  is  expelled.  The 
arm,  t,  is  terminated  in  a basin,  holding  an  inverted 
glass  jar,  w,  in  which  a hydrometer,  u,  is  placed,  and 
floating  in  the  spirit,  in  order  to  tell  the  proper  steength. 
The  pipe,  v,  carries  off  the  finished  spirit  into  the  tank, 
where  it  is  collected. 

Operations  are  commenced  by  filling  the  preparer, 


Fig.  66. 


c,  with  liquor,  through  the  pipe,  G,  till  it  flows  out  at 
the  stopcock,  b,  after  which  the  cock,  e,  is  opened  till 
the  stUl  is  filled  to  the  overflow-pipe,  which  regulates 
the  amount  of  liquor  to  be  introduced,  but  which  is 
not  seen  in  the  section.  When  this  happens,  the  cock, 

E,  is  closed,  and  the  vessel,  c,  filled  to  the  proper  height, 
then  G is  closed  by  a screwed  cap  or  plug,  and  the 
furnace  lighted  under  A.  As  the  alcoholic  vapor  rises, 
it  is  partly  condensed  in  the  few  coils  of  worm  in 
the  vessel,  c,  the  liquid  falling  down  to  the  bottom 
compartment ; and  the  liquor  in  the  vessel  is  heated  by 
the  latent  heat  of  the  vapor.  As  the  liquor  collects 
in  the  bottom  part  of  the  vessel,  the  remahider  of 
the  uncondensed  portion  of  vapor  gurgles  through  this 
liquid,  which  further  deprives  it  of  aqueous  vapor ; the 
portion  uncondensed  issues  through  the  connecting- 
pipe,  I,  to  the  large  worm  in  the  condenser,  where  it 
becomes  wholly  liquefied ; the  excess  of  liquid  in  the 
lower  part  is  allowed  to  flow  into  the  still  by  the  pipe, 

F.  The  charge  in  the  still,  when  the  whole  of  the 


alcohol  has  been  expelled,  is  emptied  through  the  di.s- 
charging-cock,  a,  a fresh  supply  of  the  heated  liquor 
in  c introduced  as  before,  and  a second  operation  com- 
menced— taking  the  precaution  to  slacken  tlie  fire  while 
this  part  of  the  work  is  going  on.  The  small  condenser 
attached  to  the  boiler  or  stiU,  is  to  test  whether  the 
charge  is  wholly  exhausted,  and  the  small  pipe,  m,  per- 
mits the  escape  of  the  air  in  the  worm  and  lower  part 
of  the  compartment  in  c. 

Since  the  introduction  of  a better  apparatus,  Dorn’s 
is  seldom  used  by  the  large  distillers ; it  is,  however, 
met  with  in  small  establishments,  and  where  brandy  is 
rectified. 

The  apparatus  generally  employed  throughout  Ger- 
many for  the  distillation  of  fermented  worts,  et  cetera. 
is  that  represented  in  section  in  Fig.  67,  and  known 
as  PiSTORius’,  from  his  improvements  and  additions. 
In  this  figure,  A and  B are  two  boilers,  connected 
by  the  pipe,  G,  which  conducts  the  vapors  formed  in 
A into  B.  These  boilers  are  each  furm'shed  with  an 
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agitating  chain  apparatus,  F,  p'.  c is  the  fire-grate  under 
the  boiler,  A,  and  the  exeess  of  heat  is  rendered 
available  towards  heating  the  other  boiler  by  the  flue 
winding  under  it  before  entering  the  chimney,  x.  d is  a 
kind  of  safety-valve  attached  to  the  first  boiler,  and  is 
furnished  with  a stopcocked  pipe,  d,  that  communicates 
with  a small  worm  in  the  condensing  tub,  K ; this  con- 
trivance is  intended  to  test  when  the  charge  in  the 
boiler  is  divested  of  the  whole  of  the  alcohol.  The 
boiler.  A,  is  charged  from  the  contents  of  the  second 
boiler,  B,  by  means  of  a connecting-pipe,  E,  having  a 
valve  appended,  the  handle  of  which  is  seen  at  e.  A 
large  pipe,  l,  issues  from  the  head  of  the  boiler,  b,  and 
is  connected  with  another  pipe,  N,  of  a larger  calibre, 
having  another  smaller  pipe,  s,  connected  with  the  other 


end.  The  alcoholic  vapor  from  the  two  boilers,  A and 
B,  passes  through  these  tubes  into  the  rectif3dng  vessel, 
M,  supplied  with  a second  bottom,  from  which  descends 
a vertical  cylinder  over  the  pipe,  s,  nearly  to  the  ex- 
terior bottom,  rrrr  indicate  the  course  of  the  vapor 
through  the  vessel,  m ; this  passage  is  made  of  sheets 
of  copper  of  nearly  the  same  breadth  as  the  vessel, 
soldered  to  an  end  plate  of  a few  inehes  in  breadth. 
The  remaining  parts  of  the  vessel,  noted  by  T t T,  are 
charged  with  wash  for  the  purpose  of  heating  it  before 
distillation.  The  spiritous  vapor,  on  passing  through 
this  rectifying  vessel,  loses  a great  portion  of  water  by 
condensation ; but  the  chief  quantity  is  separated  in  the 
double  conical  space,  E,  which  is  surmounted  by  a vessel 
of  the  same  form,  h b,  filled  with  cold  water  from  the 


large  condensing  tub.  The  pipe,  p,  conducts  the  un- 
condensed alcoholic  vapor  to  the  large  condensing 
worm  in  the  tub,  v.  The  liquid  formed  in  the  passage 
rrr  and  R,  collects  at  the  bottom  of  the  vessel,  m,  so 
that  the  vapor  entering  by  the  pipe,  s,  has  to  pass 
through  it.  Wlien  it  accumulates,  it  is  run  into  the 
’loiler,  B,  by  a connecting-pipe,  x',  wliich  is  closed 
and  opened  at  pleasure  by  means  of  the  valve,  y. 
s is  the  valve  attached  to  the  pipe  which  conveys 
the  fermented  wash  from  the  compartments,  T T T,  in 
the  vessel,  M,  to  the  boiler,  b.  The  pipe,  c,  supplies 
the  conical  condensing  vessel,  b 5,  with  cold  water,  and 
the  pump,  a,  raises  the  fermented  wash  from  the  tank, 
Q,  beneath,  and  discharges  it  into  the  vessel,  M,  by  the 
pipe,  h.  When  the  space  in  the  interior  of  m requires 
cleaning,  water  from  the  condensing  tun  is  run  in 
through  the  pipe,  m,  by  turning  the  stopcock,  o is  a 
siphon  tube,  through  which  the  air  of  the  apparatus 
is  expelled,  when  the  fire  is  lighted  under  the  boiler,  A ; 
it  is  closed  by  the  stopcock  when  the  alcoholic  vapor 
reaches  thus  far. 

The  waste  caloric  from  the  furnace  is  made  to  warm 
the  water  employed  in  mashing  the  grain,  by  a pipe,  y'y', 
leading  from  the  fire,  that  carries  off  the  heated  vapor 


for  that  purpose.  The  spirit  is  received  in  a peculiar 
manner  from  the  lower  end  of  the  worm,  as  will  be  ex- 
plained after  describing  the  mode  of  operation. 

The  fermented  liquor  to  be  distilled  is  pumped  up 
into  compartments,  T T T,  in  the  case,  m ; the  valve, 
8,  of  the  pipe  connecting  the  space,  t,  with  the  boiler, 
B,  is  then  opened,  and  the  wash  introduced  into  this 
boiler,  whence  it  is  allowed  to  flow  into  the  first  boilei 
by  opening  the  valve,  e,  of  the  connecting-pipe,  E. 
This  valve  is  left  open  till  the  liquid  rises  to  the  proper 
indication,  as  shown  by  a gage  in  front,  but  not  seen 
in  the  figure ; e is  then  closed,  and  all  the  other  taps, 
leaving  a free  course  for  the  vapors  to  flow  off  to  the 
condenser.  When  this  is  done  the  fire  is  lighted.  After 
a short  interval,  the  liquor  in  A begins  to  boil,  and  the 
vapor  passes  over  into  b,  whose  contents  are  also  raised 
to  ebullition,  which  takes  place  at  a lower  degree  in 
consequence  of  the  quantity  of  alcohol  it  receives  from 
the  preceding. 

The  alcoholic  vapor  from  b passes  over  by  l through 
the  pipe,  N,  into  the  rectifying  spaces,  rrrr,  where 
the  excess  of  the  watery  vapor  is  condensed,  and 
falls  to  the  bottom  of  m.  This  liquid  being  the  product 
of  the  former  two  distillations  is  very  rich  in  alcohol ; 
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and  when  it  accumulates  sufficiently  to  cover  the  end 
of  the  pipe,  s,  the  hot  steam  from  the  boilers  bubbling 
through  it  disengages  a vapor  surcharged  mth  alco- 
hol ; thus  a third  distillation  is  effected.  When  the 
liquor  is  present  in  too  large  a quantity,  the  valve,  y,  is 
occasionally  opened  to  run  it  into  B.  The  uncon- 
densed portions  rise  and  pass  from  the  conical-shaped 
condenser,  R,  into  the  large  condensing  worm  in  the 
vessel,  V,  where  they  are  completely  condensed,  and 
flow  out  at  the  lower  end  of  the  worm  into  the  vessel, 
or  receiver. 

If,  on  turning  the  vapor  into  the  smaU  worm  in  the 
vessel,  K,  and  collecting  the  condensed  portion,  it  be 
found  that  in  the  contents  of  this  boiler  no  more  alcohol 
is  retained,  the  spent 'liquid  is  drawn  off  by  the  dis- 
charge-pipe, a fresh  charge  admitted  from  the  boiler, 
B,  and  this  in  turn  refilled  from  the  compartment  in 
the  rectifying  vessel,  m.  During  the  discharging  of  the 
liquid  in  boiler.  A,  and  its  refilling,  the  fire  is  slackened, 
by  inserting  the  damper-  plate,  w,  into  the  flue  to  cut  off 
the  draught. 

The  three  distillations  which  here  take  place  give  a 
very  strong  spiritous  liquor,  and  of  a very  good  quahty. 
At  the  end  of  the  great  worm  is  a water-tap,  or  a similar 
apparatus  to  that  shown  in  Fig.  68.  In  this  diagram, 
the  end  of  the  worm  issuing  from  the  great  condensing 
tub  is  seen  at  os.  c c is  a zig-zag  pipe,  one  end  of 
which  is  immersed  in  a bucket  of  water.  In  the 
upright  part  of  the  discharging-pipe  is  an  alcoholo- 
meter, f,  by  which  the  strength  of  the  distilled  product 
is  ascertained,  and  c?  is  a watch-glass  covering  the 


Fig.  68. 


fuiuiel-opeuiug  in  the  larger  end  of  the  tube,  used  for 
the  purpose  of  seemg  the  bulk  of  the  stream  of  liquid 
which  flows  through  the  worm.  By  this  contrivance 
the  air  is  prevented  entering  the  worm,  and  therefore  no 
acetic  acid  is  produced. 

The  distillatory  apparatus  of  Alegre  is  described 
in  the  succeeding  Figs.  69  and  70.  The  operation  in 
this,  as  will  be  seen,  is  carried  on  by  means  of  the  steam 
generated  in  a boiler  which  foims  one  part  of  the 
whole ; and  this  steam,  traversing  the  liquid  to  be  dis- 
tilled, causes  the  heat  of  the  latter  to  rise  to  the  boil- 
ing point,  by  which  the  spiritous  vapor  is  expelled, 
and  subsequently,  in  its  route  through  the  apparatus, 
rectified  and  condensed,  as  will  be  demonstrated  after 
VOL.  I. 
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explaining  the  figures,  to  which  the  reader’s  attention  is 
now  invited. 

Fig.  69  is  an  elevation  of  this  distilling  apparatus 
on  the  furnace  side,  and  Fig.  70  a section  made  parallel 
to  the  visible  part  of  Fig.  69.  In  these  figures  are  the 
following  parts;  namely.  A,  the  brickwork  enclosing  the 
fire,  and  part  of  the  lower  boiler;  B,  the  door  of  the 
furnace;  E,  the  lower  boiler,  part  of  which  is  encased 
in  the  brickwork,  f is  a pipe  issuing  from  the  bottom 
of  boiler,  E,  furnished  with  a stopcock,  and  serving 
to  discharge  the  hquid  that  remains  after  distUlation, 
or  whenever  required.  is  a pipe  and  stopcock,  by 
which  the  proper  height  of  hquid  to  be  introduced  into 
the  boiler  is  regulated,  as  shown  by  the  dotted  line,  h h, 
in  the  section,  i is  a tubular  opening,  which  facilitates 
the  cleaning  of  the  boiler  when  necessary ; this  opening 
is  closed  by  a slide  plate  firmly  fixed  in  its  place  by 
bolts,  or  it  may  be  secured  by  a screw-cap.  A is  a pipe 
and  stopcock  for  ascertaining  when  all  the  alcohol  has 
been  eliminated  from  the  hquid  in  the  boiler,  e.  l is 
another  boiler  placed  upon  E,  and  which  is  emptied 
when  requisite  by  the  discharging-pipe  and  stopcock, 
M.  Both  these  boilers  are  connected  by  the  pipe,  n, 
to  which  a stopcock  is  affixed,  o is  an  overflow-pipe 
and  stopcock,  serving  to  regulate  the  height  to  which 
the  hquor  should  rise  in  the  boiler,  L,  as  is  shown  in 
the  sectional  figure  by  the  dotted  hne,  p.  Q is  the  stout 
plate  or  division  between  the  boilers,  e and  l ; in  the 
middle  of  this  bottom  is  an  opening,  on  which  is  fixed 
the  pipe,  r • this  pipe  is  open  at  both  ends,  and  passes 
up  through  the  liquid  in  the  boiler,  l,  towards  its  neck ; 
d is  a hollow  cylinder,  which  is  inverted  upon  the  pipe, 

r,  and  having  its  closed  end  uppermost.  The  open 
end  rests  on  three  small  supports,  fixed  equidistant 
from  the  pipe,  r,  and  elevated  one  inch  above  the 
bottom  of  the  boiler,  L ; i is  a third  hollow  cyhnder, 
issuing  from  the  bottom  of  the  boiler,  L,  and  rising 
perpendicularly  till  it  terminates  in  an  open  end,  about 
one  inch  above  the  closed  end  of  the  hollow  cylinder, 

s,  which  it  surrounds ; m is  a fourth  hollow  cylinder, 
placed  in  exactly  the  same  position  as  the  cylinder,  I, 
and  enveloping  all  the  foregoing;  the  closed  end  being 
topmost,  and  the  lower  open  extremity  resting  upon 
three  elevations  of  one  inch  in  height,  and  equidistant 
from  the  cyhnder,  t.  A distance  of  half  an  inch  is  left 
free  between  its  closed  end  and  the  orifice  of  the  cyhn- 
der, t.  V is  a fifth  hohow  cyhnder,  which  encloses  the 
whole  of  the  others.  Its  lower  extremity  is  fixed  in  the 
bottom,  Q,  of  the  boiler,  l,  and  its  upper  extremity  is 
attached  to  the  closed  end  of  the  cyhnder,  u.  In  the 
arrangement  of  these  cylinders,  they  open  alternately 
at  the  top  and  bottom,  and  by  this  means  a passage  is 
made  for  the  vapor  over  each  cylinder  in  succession. 

X X are  tubes  issuing  from  the  top  of  the  cyhnder,  v, 
at  an  angle  of  about  45°,  and  descending  to  within  two 
inches  of  the  bottom  of  the  boiler,  l;  these  tubes  are 
open  at  both  ends,  and  serve  as  valves  to  close  the 
cylinders,  v and  u.  Three  of  these  tubes  are  provided, 
and  are  fixed  at  the  angular  points  of  an  equilateral 
triangle,  supposed  to  be  inscribed  in  the  circular  plane 
of  the  closed  end  of  the  cyhnder,  v;  but  of  these  only 
two  appear,  the  third  being  in  the  segment  of  the  figure 
which  is  removed. 
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2/  is  a safety  tube  for  the  purpose  of  preventiug  the 
influx  of  the  liquid  in  the  boiler,  L,  through  the  open 
pipes,  X X,  into  the  cylindiical  spaces  in  the  interior  of 
the  enveloping  cylinder,  v.  The  upper  extremity,  which 
is  funnel-shaped,  is  in  contact  with  the  atmosphere, 
and  the  other  is  in  communication  with  the  spaces  in 
the  interior  of  the  cylinders,  v and  u,  by  passing  through 
the  closed  end  of  the  cylinder,  v.  This  tube  is  curved, 
so  that,  at  or  near  its  middle,  it  dips  into  the  liquid  in 
the  boiler.  In  the  part  ascending  from  this  curvature 
to  the  top  of  the  cylinder,  v,  is  a bulb  or  enlarged 
portion,  »,  capable  of  holding  about  a gallon  of  water 
introduced  at  the  funnel-opening,  y;  a is  a stopcock, 
which  enables  the  operator  to  know  the  state  of  the  dis- 
tillation in  the  boiler,  L,  and  is  similar  to  h in  boiler,  E. 

c is  a large  tubular  opening  in  the  shoulder  of  the 
boiler,  L,  similar  to  i in  the  lower  boiler,  and  affording 
a means  by  which  any  accumulated  dirt  or  other  matters 
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on  the  bottom  of  the  boiler  is  withdrawn.  It  is  closed 
in  the  same  way  as  i. 

c is  a circular  basin  placed  upon  the  neck  of  the 
boiler,  l,  forming  a refrigerator ; d,  a pipe  and  stopcock, 
which  conveys  heated  water  from  the  basin,  c,  into  the 
lower  boiler ; e is  a vase  of  an  elliptical  form,  joined  to 
the  neck  of  the  upper  boiler  by  a bracket  and  rivets,  as 
seen  at /;  gg  are  two  tubes  descending  from  the  hollow 
cylindrical  vessels  enclosed  in  v,  into  two  small  vases, 
or  circular  vessels.  By  these  pipes  the  phlegm  con- 
densed in  the  passage  of  the  vapor  over  the  cylinders, 
is  returned  to  the  lower  boiler,  e;  the  small  vessels 
prevent  any  vapor  passing  up  by  these  tubes — they  act 
as  a water  stopcock;  h'\s  a tube  having  two  stopcocks, 
and  branching  a little  below  the  upper  stopcock;  by 
this  tube  the  phlegm  condensed  in  the  oval  vase,  e, 
is  conducted  at  will  into  either  of  the  boilers  by 
opening  the  proper  stopcock,  i is  a tube,  rising  ver- 


tically through  the  vase,  e,  to  within  one  inch  of  the 
upper  part  of  the  vessel.  It  is  closed  at  the  top  by  a 
plate  and  a hollow  cylinder,  Ic',  whose  closed  end 
is  uppermost,  and  rests  upon  i.  The  open  end  of  the 
cylinder,  Ic',  terminates  about  one  inch  above  the  bot- 
tom of  the  vase,  e.  The  upper  part  of  the  pipe,  i,  is 
pierced  with  a number  of  small  holes,  through  which 
the  vapor  passes  into  the  vase ; Z is  a tubular  opening 
in  the  elliptical  vase,  e,  by  which  it  is  cleaned;  this 
opening  is  closed  by  a wooden  plug ; m is  a circular 
basin,  containing  cold  water,  placed  upon  the  vase,  e, 


and  acting  as  a refrigerator,  and  which  discharges  its 
hot  water  by  the  pipe  and  stopcock,  n'. 

opqrso'  are  six  compartments,  or  diaphragm  recti- 
fiers, placed  one  above  the  other,  forming  by  their  union 
one  cylindrical  column ; these  diaphragms  communicate 
with  one  another  by  means  of  six  small  tubes,  V I'  I'  V I'  l\ 
placed  in  their  centres.  The  tubes  are  arranged  simi- 
larly to  the  tube,  f,  in  the  vase,  e,  the  upper  part  of 
each  tube  being  closed,  and  enveloped  by  an  inverted 
cylinder  in  the  form  of  a hat,  descending  to  within  an 
inch  of  the  bottom  of  each  diaphragm.  The  V tubes  are 
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perforated  in  the  upper  part,  to  allow  the  vapor  to  pass 
off,  and  a small  pipe  descends  alternately  at  either  side 
of  the  column  from  each  compartment  into  a small 
trough  or  dish,  1, 2,  3, 4,  5,  6,  similar  to  those  seen  at 
gg,m  the  lower  boiler,  E.  By  these  pipes  the  phlegm 
condensed  in  each  compartment  descends  into  that 
which  is  immediately  beneath  it,  until  it  finally  comes 
into  the  elliptical  vase,  e,  and  thence,  by  the  double- 
stopcocked  pipe,  h',  it  is  conducted  into  either  of  the 
boilers,  at  the  pleasure  of  the  operator.  Hence  the 
condensed  phlegm  descending,  offers  no  obstruction  to 
the  ascending  alcoholic  vapor.  A long  vertical  hollow 
cylinder,  u,  envelopes  the  six  compartments,  opgrs  o', 
but  a space  of  six  inches  intervenes.  Water  is  intro- 
duced into  this  space,  and  thus  the  cylinder,  u,  acts  as 
a refrigerator  to  the  interior  column. 

The  hot  water  is  discharged  from  the  refrigerator  by 
the  large  pipe  and  stopcock,  v,  into  the  upper  boiler, 
whenever  required,  x is  a cylinder  reposing  upon  a 
projecting  edge  attached  to  the  cylinder,  u,  and  which 
serves  as  its  base ; it  is  made  to  open  and  shut  by  the 
latchkeys,  y'y'  y'.  The  space  between  this  envelope  and 
the  cylinder,  u,  is  destined  to  receive  the  grain  which 
has  germinated — ^malt — in  order  to  torrefy  it  previous 
to  grinding.  The  cover  of  this  envelope  is  perforated 
with  small  holes,  which  give  passage  to  the  vapor  evolved 
from  the  torrefying  grain.  / / are  two  apertures  made 
in  the  base  of  the  envelope,  x,  by  which  the  grain  is 
withdi’awn  when  properly  diled.  a'  is  a tube  communi- 
cating with  the  interior  of  the  refrigerating  cylinder, 
u,  bent  upwards  at  right  angles ; at  a short  distance 
above  this  angle  the  tube  is  enlarged,  forming  a recep- 
tacle for  the  glass  tube,  6,  serving  as  a gage  to  show 
the  height  of  water  in  the  refrigerator,  o',  a tube  with 
stopcock,  by  which  the  fermented  liquid  is  conveyed  into 
the  refrigerator  when  one  wishes  to  carry  on  the  dis- 
tillation by  the  assistance  of  the  cylinder,  u,  in  conjunc- 
tion with  the  boilers ; however,  whether  the  li(piid  to  be 
distilled  be  wine  or  wash,  it  is  invariably  heated  here, 
so  that  it  may  be  afterwards  let  down  at  nearly  a boil- 
ing temperature  into  the  boilers  by  the  large  tube  and 
stopcock,  v,  and  the  smaller  one,  ¥.  d'  is  a pipe  and 
stopcock,  by  which  wine  may  be  introduced  in  the  same 
way  as  the  wash  from  grain  by  the  pipe,  c',  when  that 
liquid  has  been  employed  in  the  course  of  operation. 
e'  is  a tube  by  which  water  is  allowed  to  enter  the 
rectifier,  composed  of  the  six  compartments,  opqrs  o', 
containing  the  cylindrical  enclosures,  I' l'l'l'l'i',ioT:ihQ 
purpose  of  cleaning  it.  f'  is  a tube,  which  conducts 
the  rectified  spiritous  vapor  from  the  summit  of  the 
column  to  the  condensing  worm  in  the  superior  con- 
denser, s.  g'  is  a small  tube,  conducting  the  spiritous 
vapor  arising  from  the  liquid  in  the  refrigerator,  u,  into 
a small  worm  placed  in  the  largo  condensing  tun,  E, 
collaterally  with  the  large  one.  The  chimney  has  a 
damper  to  regulate  the  draught  from  the  furnace,  B, 
which  must  be  diminished  during  the  charging  of  the 
apparatus. 

Manner  of  conducting  the  Distillation. — When  the 
apparatus  is  prepared,  as  seen  in  the  figure,  all  the 
stopcocks  are  shut,  excepting  the  overflow-pipes,  o and 
g,  which  are  left  open. 

The  commencement  of  the  operation  is  the  fillmg  of 
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the  large  condensing  vessel,  e,  with  water,  after  which, 
the  superior  large  tub,  s,  is  filled  with  wash  liquor,  or 
wine,  as  the  case  may  be.  This  tub  contains  a condens- 
ing worm,  wherein  the  vapor  arising  through  f is  partly 
condensed,  and  which  is  connected  to  the  large  worm 
in  the  principal  condenser,  e,  as  seen  in  Fig.  69,  by  the 
pipe,  h'.  After  s has  been  replenished  with  liquor,  the 
lower  boiler,  E,  is  filled  through  the  tubular  opening,  i, 
with  water,  then  the  fire  hghted,  and  the  distillation  of 
the  water  proceeded  with,  tOl  the  liquor  in  the  vessel, 
s,  acquires  a temperature  of  about  100°  Fahr.  As  soon 
as  the  steam  from  the  boiling  water  ascends  to  the 
upper  boiler,  the  stopcock  of  the  tube,  c',  connecting 
the  vessel,  s,  and  the  refrigerating  space  inside  the 
cylinder,  u,  is  opened,  and  the  liquid  allowed  to  flow 
in  until  the  forementioned  temperature  is  communi- 
cated to  the  remaining  liquor  in  the  vessel.  When 
this  happens,  the  cock  of  c'  is  closed,  and  the  vessel, 
s,  replenished  with  more  of  the  liquid.  Both  the 
stopcocks  of  the  pipe,  h',  are  next  opened,  in  order 
that  the  water  condensed  in  the  diaphragms  of  the 
rectifying  column,  as  well  as  in  the  elliptical  vase,  e, 
may  pass  into  the  boilers ; the  stopcocks,  i,  h",  are 
at  this  time  likewise  opened  to  fill  the  refrigerat- 
ing circular  basins,  c and  m,  attached  to  the  upper 
boiler  and  vase,  e.  When  these  are  full  the  cocks  are 
closed,  and  the  fire  slackened  by  throwing  on  some 
moist  small  coal  or  wood,  and  inserting  the  damper. 
The  object  of  the  distillation  of  the  water  is  to  wash 
the  interior  of  the  apparatus,  as  well  as  to  heat  the 
liquor  in  the  cylinder,  u,  and  in  the  vessel,  s.  The 
stopcocks  of  the  pipes,  f,  g,  n,  are  opened  in  order 
that  the  water  contained  in  both  boilers,  as  well 
as  in  the  elliptical  vase,  may  flow  out  by  f.  During 
the  escape  of  the  water,  the  plate  closing  the  tubular 
pipe,  I,  is  withdrawn,  and  a besom,  or  mop,  introduced 
to  clean  the  bottom  of  the  boiler,  and  force  out  the 
sedimentary  matter.  When  the  apparatus  is  newly 
erected,  tliis  distillation  of  water  is  necessary  to  purify 
the  interior  from  rosin  and  other  matters  proceed- 
ing from  the  soldering,  et  cetera;  but  in  other  cases 
it  is  not  requisite,  unless  when  impurities  collect  in 
the  boilers  or  rectifying  diaphragms,  or  when  the 
distillation  has  been  suspended  for  some  days,  or  after 
repairs ; for  when  the  distillation  is  carried  on  unin- 
terruptedly, there  is  no  occasion  for  such  washing  of  the 
boilers.  It  is  customary  to  fill  the  whole  apparatus 
with  water  when  not  required  for  use,  to  prevent  the 
formation  of  any  acid  which  would  act  on  the  various 
boilers  and  other  parts  of  the  whole  still ; the  water  is 
drawn  off  when  operations  are  on  tlie  point  of  recom- 
mencing. 

The  boilers  being  empty,  the  stopcocks  F and  n are 
closed,  and  the  lower  boiler  filled  with  water,  until  it 
flows  out  by  the  pipe,  g,  which  is  at  this  time  closed,  as 
well  as  the  opening,  i,  and  the  stopcocks  in  tube,  h'. 
The  fire  is  then  hastened  by  withdrawing  the  damper; 
and  during  the  time  the  liquid  in  the  lower  boiler  is 
rising  to  212°,  the  stopcocks  of  the  pipe,  v,  and  of  the 
overflow  pipe,  o,  are  opened,  and  the  heated  alcoholic 
liquid  in  the  refrigerating  cylinder,  U,  admitted,  until 
the  boiler,  l,  is  filled,  as  is  indicated  by  the  liquor  flow- 
ing out  through  o.  These  tubes  are  then  closed,  and 
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tlie  tube,  c',  opened  to  refill  the  cylinder,  u,  with  the 
spiritous  hquor  from  the  vessel,  s,  to  the  proper  height, 
as  indicated  by  the  glass  gage  pipe,  b\  after  which 
the  cock  of  the  pipe,  c',  is  shut.  It  is  particularly  neces- 
sary that  the  water  in  the  large  condensing  vessel,  R, 
should  be  thoroughly  cold.  This  is  effected  by  opening 
the  stopcocks,  T'andn".  By  turning  the  stopcock,  w",  the 
cold  water  from  the  reservoir,  which  should  be  erected 
at  an  elevation,  and  convenient  to  the  place  for  the  use 
of  the  apparatus,  flows  into  the  lower  part  of  R,  and  the 
hot  water  is  discharged  through  the  pipe,  I",  at  the  same 
time,  by  the  influx  of  cold  water  beneath.  Matters 
being  thus  in  readiness,  the  vessels  are  charged,  and 
while  doing  so  the  fire  is  briskly  urged;  the  water  of 
the  lower  boiler  soon  reaches  ebullition,  and  the 
liberated  steam,  coming  in  contact  with  the  bottom,  q, 
of  the  upper  boiler,  heats  the  spiritous  liquor  which  it 
contains.  As  the  steam  is  generated  in  greater  abun- 
dance, it  rises  through  the  cylindrical  pipe,  r,  and  thence 
descends  and  ascends  alternately  in  its  course  over  the 
other  successive  cylinders,  till  it  escapes  by  the  open 
ends  of  the  three  diverging  pipes,  x x x,  immersed 
in  the  liquid  contained  in  the  upper  boiler.  During 
this  complicated  course  of  the  steam,  it  imparts  its 
caloric  to  the  surrounding  liquid  in  the  boiler,  L, 
the  content  of  which  is  readily  raised  to  ebullition. 
By  this  means  alcoholic  vapor  is  evolved  through 
the  pipe,  i,  and  after  traversing  the  elliptical  vase, 
the  uncondensed  portions  ascend  into  the  six  dia- 
phragms, o p q r s o',  in  the  rectifying  column,  by 
means  of  the  communications,  I'  I'  I'  V V V.  Here 
the  rectification  is  principally  carried  on ; the  more 
aqueous  portion  of  the  vapor  is  condensed  in  each 
ascending  compartment  till  it  reaches  the  top  of 
the  column;  from  which  it  is  carried  off  by  the 
pipe,  f',  into  the  coiled  portion  of  the  large  wonn, 
deposited  in  the  vessel,  s,  where  it  is  perfectly 
condensed  in  its  course  through  this  and  the  other 
worm  in  the  large  condenser,  R,  and  flows  in  a fine 
stream  into  the  appropriate  backs,  or  spirit  vats,  placed 
below  the  protruding  end  of  the  worm  at  m'.  The 
phlegm  in  each  compartment  of  the  steam  rectifier 
returns  by  the  small  pipes,  6,  5,  4,  3,  2,  1,  till  it  de- 
scends into  the  elliptical  vase,  e,  and  thence  through 
the  pipe,  h',  into  the  boiler,  L.  As  the  distfllation 
advances,  larger  quantities  of  vapor  rise  from  the 
heated  liquor,  both  in  the  boiler  and  oval  vessel,  e,  as 
well  as  in  the  lower  compartments  of  the  rectifying 
column,  and  the  condensed  water  from  it  is  always 
descending  while  the  distillation  of  the  alcoholic  liquor 
continues  to  afford  alcoholic  vapor.  This  is  known 
by  opening  the  test-cock,  a,  and  applying  a hght  to  the 
vapor ; if  it  inflames,  it  is  a proof  that  there  is  still 
some  alcohol  in  the  hquid  in  the  boiler,  and  if  it  does 
not  ignite,  the  whole  of  the  spirit  has  been  ehminated ; 
then  the  firing  is  finished,  and  ■'.nother  charge  begun. 
The  distfllation  of  the  first  charge  requires  a period  of 
tliree  hours,  on  account  of  the  boiler  being  filled  with 
cold  water;  but  in  each  succeeding  operation,  only  two 
hours  are  required,  as  all  the  parts  of  the  apparatus, 
with  the  water  in  the  lower  boiler,  are  hot. 

After  the  whole  of  the  alcohol  has  been  expelled,  the 
boiler,  L,  is  emptied  and  thoroughly  cleansed.  This  is 


effected  by  opening  the  tubular  pipe,  c,  and  tlie  stop- 
cocks, M and  0,  to  allow  the  spent  liquor  to  flow  out ; 
during  this  time  a broom,  or  mop,  is  introduced  through 
c,  to  detach  all  impmities,  and  force  them  out  with 
the  liquid  through  the  discharging-cock,  M.  After 
the  interior  of  the  boiler  has  been  thoroughly  puri- 
fied, the  opening,  c,  and  the  stopcock,  M,  are  shut, 
and  the  cock,  V,  opened,  in  order  to  allow  the  heated 
liquor  from  the  refrigerating  compartment  in  u,  to 
flow  in  to  refill  the  boiler.  When  the  liquid  has 
risen  to  the  level  of  the  pipe,  o,  the  cock,  v,  is  shut, 
and  the  communication  between  the  refrigerating  cyhn- 
der  and  the  vessel,  s,  containing  the  Hquid  to  be  dis- 
tilled, is  opened  by  turning  the  stopcock,  c',  and  the 
cylinder  refilled  to  the  proper  height,  as  indicated  by 
the  gage  pipe,  h'.  The  connecting-pipe  between  the 
vase,  e,  and  the  under  boiler,  is  opened  by  turning  the 
cock,  h',  and  closing  the  lower  one  with  which  this  pipe 
is  supplied,  in  order  that  the  phlegm  collected  in  the 
vase  during  the  distillation  of  the  preceding  charge  may 
flow  into  the  lower  boiler,  whose  overflow  pipe,  g, 
should  be  opened  to  indicate  when  it  is  full.  If 
this  phlegm  be  not  sufficient  to  fiU  the  lower  boiler, 
the  remaining  quantity  of  liquid  is  allowed  to  flow 
in  from  the  refrigerating  basin,  c,  attached  to  the 
upper  boiler,  by  opening  the  stopcock,  d.  As  soon  as 
the  liquid  flows  out  through  the  pipe,  g,  the  stopcock  of 
this,  as  well  as  the  cock  of  the  pipe,  d,  is  closed,  and 
the  fire  stirred.  Shortly  afterwards,  when  the  steam 
from  the  lower  boiler  rises  through  the  apparatus,  the 
stopcock  of  the  pipe,  n',  is  opened,  that  the  hot 
water  contained  in  the  refrigerator,  m,  may  descend 
to  that  attached  to  the  boiler,  L.  After  the  whole  of 
the  water  is  run  down,  the  tap,  n',  is  shut,  and  i and 
Ic"  opened,  to  replenish  both  the  refiigerating  basins 
with  cold  water  from  the  large  condensing  vessel,  R. 
The  second  firing  is  about  this  time  in  progress,  the 
liquid  in  the  boiler  is  deprived  of  its  alcohol  in  the 
manner  as  before  explained,  and  the  distillation  of  the 
charge  is  completed  in  about  two  hours.  A similar 
mode  of  operation  to  that  described  takes  place  at  each 
charge,  irrespective  of  the  alcoholic  liquor  submitted  to 
distfllation. 

It  wfll  not  be  out  of  place  here  to  offer  a few  words 
explanatory  of  the  mode  of  torrefying  the  malt  in  the 
space  between  the  cyhnder,  u,  and  the  outer  envelope, 
or  casing,  x. 

The  sprouted  grain  is  introduced  through  the  circular 
opening  in  the  top,  between  the  envelope,  x,  and  the 
cylinder,  u.  The  heat  from  the  cylinder,  u,  is  by  this 
means  rendered  available  for  torrefying  the  grain ; and 
this  is  a matter  of  great  economy  in  a distfllery,  as  by 
it  the  erection  of  a kiln,  and  the  consumption  of  fuel 
required  to  heat  it,  are  dispensed  with.  When  tlie 
grain  has  dried  to  the  proper  degree,  it  is  removed 
through  the  openings,  z' z',  and  replaced  by  more  moist 
malted  grain,  to  xmdergo  the  same  process. 

Mr.  Miller,  of  Glasgow,  secured  a patent  for  a new 
still  for  the  distillation  of  spiritous  Hquors,  and  the  fer- 
mented wash  of  malt  and  grain.  The  novelty  of  this 
still  lies  in  the  employment  of  evaporating  cones,  having 
open  spiral  channels  winding  roimd  their  exterior.  In 
other  respects  the  stfll  embodies  the  main  features  of 
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all  the  principal  distilling  arrangements  of  the  time, 
already  described ; namely,  that  of  returning  the  pro- 
ducts of  the  first  condensation,  which  contain  an  excess 
of  water,  to  the  body  of  the  apparatus  for  a further 
rectification. 

Fig.  71  shows  the  principal  parts  of  the  still  and 
worm ; Fig.  72,  a sectional  view  of  the  cone,  which  em- 
bodies the  improvements.  A is  the  body  of  the  still 
or  boiler,  which  is  of  ordinary  construction.  The  head 
of  the  still,  a'  a'  a',  consists  of  three  cones,  placed 
concentrically,  B,  c,  d,  but  a small  distance  apart. 
Both  surfaces  of  the  cones,  b and  D,  are  plain,  but 


round  the  exterior  of  the  cone,  c,  an  open  spiral 
channel,  X,  winds  from  the  top  to  tire  base.  The 
position  which  this  part  occupies  may  be  better  under- 
stood from  the  detached  view  of  the  cones  in  Fig.  72, 
where  xx  shows  the  channel,  and  c the  cone.  A 
pipe,  E,  leads  from  the  annidar  space  between  c and  c 
to  the  wash-heater,  F,  which  consists  of  a vessel  filled 
with  a number  of  small  parallel  pipes,  and  communicat- 
ing with  a low-wine  condenser,  G,  which  is  placed  in 
the  upper  part  of  the  worm  tub.  The  wash  is  supplied 
to  the  vessel,  F,  by  a wash-charger  reaching  from  the 
backs,  and  commimicating  with  the  vessel,  f,  at  m ; 


this,  however,  is  not  shown  in  the  figure,  i is  a pipe 
which  leads  from  the  top  of  the  outer  cone,  B,  to  the 
spirit  condenser,  K,  which  consists  of  a cylindrical  case, 
inclined  towards  the  stdl,  and  containing  a number  of 
pipes  laid  longitudinally,  through  which  the  gaseous 
products  pass,  it  is  filled  with  water  supplied  by  a 
pipe  not  seen  in  the  figure ; the  heated  water  is 
discharged  through  the  pipe,  Q.  The  pipe,  k',  issues 


from  the  end  of  the  spirit  condenser,  and  enters  the 
refrigerator,  where  it  is  united  to  the  worm,  L,  placed 
in  the  bottom  of  the  tub,  w.  o and  i connect  the 
condensing  pii>es  in  the  vessels,  K,  F,  and  low- wine  con- 
densing worm,  G,  with  the  outer  part  of  tlie  cone,  C ; 
and  the  pipe,  ii,  serves  as  a communication  between 
the  top  of  the  wash-heater,  F,  and  the  body  of  the  still, 
for  the  purpose  of  charging  the  latter. 
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The  following  is  the  mode  of  working : — A quantity 
of  wash  is  run  into  the  stiU,  A — which  is  supposed 
to  be  placed  over  an  ordinary  furnace — from  the  wash- 
heater,  F,  through  the  pipe,  H,  to  the  height  of  say 
three  or  foiu-  inches.  As  the  wash  boils,  the  vapor 
arising  from  it  ascends  the  space  in  the  still  head,  a'a'a', 
between  the  cones,  c and  d,  and  through  the  pipe,  e, 
into  the  wash-heater,  F ; part  of  the  vapor  is  here  con- 
densed, and  the  remainder  passes  off  into  the  low-wine 
condenser,  u.  The  latent  heat  of  the  vapor  is  evolved 
in  its  passage  through  the  vessel,  f,  and  serves  to  raise 
the  temperature  of  the  liquid  contained  in  it,  after  a 
while,  to  the  boiling  point ; the  condensed  liquor  in  F, 
as  also  that  which  is  formed  in  G,  returns  through  the 
pipes,  i,  J,  into  the  top  of  the  space,  b and  c,  in  the  still 
head,  and  flows  into  the  channel,  x,  where  it  is  reheated 
in  its  descent  through  this  compartment  to  the  base  of 
the  cone,  by  the  simultaneous  ascending  vapor  between 
c and  D,  and  the  portion  thus  evaporated  flows  off 
through  the  pipe,  i,  to  the  spirit  condenser,  K.  That 
portion  of  the  liquid  which  is  not  converted  into  vapor, 
is  ejected  from  the  cone,  and  received  into  the  boiler 
through  a pipe,  p,  to  undergo  another  distillation. 

In  the  spirit  condenser,  K,  a further  rectification  takes 
place ; aU  the  finer  parts  of  the  spirit  passing  off  through 
the  pipe,  k',  into  the  worm,  l,  where  they  are  condensed 
and  discharged  through  R into  the  spirit-back,  while 
the  coarser  products  that  are  condensed  return  through 
the  pipe,  o,  into  the  canal,  x,  for  a further  purifica- 
tion. Whatever  be  the  quantity  of  wash  which  is 
introduced  at  first  into  the  stiU,  no  more  should  he 
allowed  to  enter  till  the  whole  of  its  alcohol  is  ex- 
pelled. For  this  end  the  supply  pipe,  H,  is  furnished 
with  a stopcock,  N,  and  a branching  pipe,  s,  for  the 
purpose  of  drawing  off  any  excess  of  wash  into  a tank 
appropriated  to  that  purpose.  Towards  the  end  of  the 
distillation,  the  weak  faints  may  be  run  off  from  J,  by 
means  of  a branch  pipe,  v,  that  enters  the  large  con- 
densing worm. 

The  Bushmills. — Before  concluding  the  article  on 
malt  whisky,  a short  account  of  the  Bushmills  may 
prove  interesting,  as  this  spirit  is  said  by  many  to  claim 
pre-eminence  over  all  others,  in  the  same  manner  that 
genuine  hollands  is  considered  superior  to  any  gins  made 
in  this  country. 

Bushmills  is  a small  but  very  thriving  market  town 
in  Ireland,  situated  upon  the  river  Busk,  or  Bush,  and 
about  a mile  and  a half  from  the  Giant’s  Causeway. 

The  town  has  long  been  celebrated  for  its  superior 
malt  whisky,  there  being  two  distilleries,  one  of  which 
has  been  established  about  thirty,  the  other  twenty, 
years. 

In  the  oldest  of  these  distilleries  the  spirit  is  made 
exclusively  from  malt,  which  is  prepared  in  the  ordinary 
way,  excepting  that  peat  is  used  in  drying  it.  The 
quantity  of  malt  wetted  for  each  brewing  is  eighty 
bushels,  from  which  only  one  mash  is  prepared  for  fer- 
mentation, the  after-washings  being  retained,  as  usual, 
for  exhausting  fresh  quantities  of  malt.  In  preparing 
the  first  mash,  about  eighteen  to  twenty  gallons  of 
water  are  used  to  each  bushel  of  malt.  Only  as  much 
water  or  small  worts  is  let  on  as  will  wet  throughout 
the  whole  of  the  malt;  the  temperature  is  146°  Fahr., 


and  in  fifteen  minutes  afterwards,  the  remaining  quantity 
is  run  on  at  a heat  of  155°  to  160°.  - 

After  drawing  off  the  first  mash,  nine  hundred  gallons 
of  water  are  let  down  into  the  grist  at  a temperature 
of  170°  to  175°,  and  after  mashing  from  three-quarters 
to  one  hour  and  a quarter,  the  wort  is  let  into  the 
under-back,  and  pumped  into  the  coppers.  Nine  hun- 
dred gallons  more  are  used  in  the  third  mash,  the  tem- 
perature being  180°  Fahr. ; both  these  liquors  are  used 
in  making  the  first  mash  on  the  next  day’s  brewing,  and 
on  account  of  the  density  of  the  small  worts,  the  malt 
used  is  from  sixty-five  to  seventy  bushels. 

The  density  of  the  first  mash,  when  let  into  the  fer- 
menting tun,  is  fifty  pounds  to  the  barrel  as  usual. 
None  but  the  best  of  barm  is  employed  in  the  fermen- 
tation ; the  quantity  is  one  per  cent,  of  the  wort,  one- 
half  of  which  is  added  at  the  commencement,  and 
the  other  when  attenuation  has  reached  30  or  35. 
Attenuation  is  completed  usually  in  forty-eight  hours, 
though  in  variable  weather  a longer  time  is  required ; 
the  quality  of  the  malt  also  affects  the  quickness  of  the 
decomposition,  but  the  chief  cause  of  a good  or  bad 
fermentation  is  the  yeast ; the  fermented  worts  are  re- 
duced in  gravity  to  that  of  water,  and  frequently  below 
this.  The  mash  stills  at  the  Bushmills  factory  are 
of  the  old  desci-iption,  and  the  manager  states  they  are 
the  best  for  making  fine  spirit,  an  assertion  with  which 
many  will  coincide. 

The  average  yield  in  this  establishment  is  from  four- 
teen to  sixteen  gallons  per  quarter  of  eight  bushels,  but 
there  is  always  a variation  above  or  under  these  figures, 
according  to  the  quality  of  the  grist.  The  best  spirit  is 
made  always  in  dry  weather. 

Potteen  Whisky. — This  far-famed  spirit  was  some 
time  ago  more  extensively  manufactured  throughout 
the  kingdom  than  at  present.  It  seems  to  be  more 
than  ever  prized  on  account  of  its  scarcity,  and  it  bears 
a high  price,  particularly  the  Scotch  and  Irish.  The 
singular  flavor  of  the  Irish  produce  is  supposed  to  be 
caused  by  using  turf  for  the  exsiccation  of  the  malt. 
Donovan  relates  that  a few  years  back,  being  on  a 
journey  amongst  the  mountains  in  the  most  Northern 
parts  of  Ireland,  he  learned  there  was  a potteen  dis- 
tillery at  work;  he  despatched  an  emissary  well  known 
to  the  distiller,  to  procure  him  admission,  which  was 
granted.  It  was  a place  renowned  for  producing  good 
whisky.  The  distillery  was  a,  small  thatched  cabin ; there 
was  a large  turf  fire  kindled  at  one  end,  and  confined 
by  a semicircle  of  large  stones,  upon  which  a forty 
gallon  tin  vessel,  serving  the  twofold  purpose  of  a 
water-heater  and  a still  body,  was  resting.  An  orifice 
in  the  roof,  immediately  over  the  fire,  served  as  a chim- 
ney for  the  escape  of  the  smoke  after  it  had  tra- 
versed the  apartment.  The  fumes  of  the  burning  turf 
were  so  acrimonious  as  to  produce  a smarting  of  the 
eyes,  which  annoyance  was  got  rid  of  by  sitting  down, 
owing  to  the  fumes  occupying  the  upper  stratum  only 
of  the  air;  they  consisted  principally  of  pyroligneous 
acid. 

' The  mash  tun  was  a cask  hooped  with  wood,  at  the 
under  part  ot  which,  next  the  chimb,  was  an  opening 
plugged  with  tow.  This  vessel  had  no  false  bottom ; 
in  place  of  it  yoimg  heath  was  strewn,  and  over  this 
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a stratum  of  oat-husks.  Here  the  mash  of  hot  water 
and  ground  malt  was  occasionally  mixed  up  for  two 
hours;  after  which  time  the  vent  at  the  bottom  was 
opened,  and  the  worts  were  allowed  to  filter  through 
the  layers  of  oat-husks  and  heath.  Mashing  with  hot 
water  on  the  same  grains  was  then  repeated,  and  the 
worts  were  again  withdrawn.  The  two  worts  being 
mixed  in  another  cask,  some  yeast  was  added,  and  the 
fermentation  allowed  to  proceed  until  it  fell  spontane- 
ously, which  happened  in  about  three  days.  It  was 
now  ready  for  distillation,  and  was  transferred  into  the 
tin  boiler,  which  was  capable  of  distilling  a charge  of 
forty  gallons.  A piece  of  soap,  weighing  about  two 
ounces,  was  then  thrown  in  to  prevent  its  nmning  foul; 
and  the  head,  apparently  a large  tin  pot  with  a tube  in 
its  side,  was  inverted  upon  the  rim  of  the  body,  and  luted 
with  a paste  made  of  oatmeal  and  water.  The  lateral 
tube  was  then  luted  into  the  worm,  which  was  of  copper 
of  an  inch  and  a half  bore,  coiled  in  a barrel  for  a 
flake-stand.  The  tail  of  the  worm,  where  it  emerged 
from  the  barrel,  was  calked  with  tow.  The  wash  speedily 
came  to  a boil,  and  then  water  was  thrown  on  the  fire ; 
for  at  this  period  is  the  chief  danger  of  boiling  over. 
The  spirit  almost  immediately  distilled;  it  was  per- 
fectly clear ; and  by  its  bead,  this  first  running  was  in- 
ferred to  be  proof.  Its  flavor  was  really  excellent ; and  it 
might  well  have  passed  for  a sphit  three  months  old. 
As  soon  as  the  upper  stratum  of  water  in  the  flake-stand 
became  warm,  a large  pailful  of  cold  water  from  an  ad- 
joining stream  was  dashed  in  with  sufficient  force  to 
make  the  hot  water  run  over,  it  being  lighter;  and  this 
cooling  process  was  continually  resorted  to.  In  this  way, 
the  singlings  were  drawn  off  in  about  two  hours,  and 
those  from  four  distillations  made  one  charge  of  the  still 
to  produce  the  potteen. 

The  malt  was  prepared  by  enclosing  the  barley  in  a 
sack,  and  soaking  it  for  some  time  in  bog  water,  which 
is  deemed  the  best;  then  withdrawing  and  draining 
it  for  some  time,  after  which  it  is  made  to  germinate 
in  the  ordinary  way.  Wlren  it  had  grown  sufficiently, 
it  was  conveyed  in  a sack  to  the  kiln,  along  with  some 
sacks  of  raw  corn,  for  the  purpose  of  concealment. 
The  raw  corn  was  spread  out  on  the  kiln,  but  during 
the  night,  when  the  kiln-owner  had  retired,  the  raw 
corn  was  removed,  the  malt  spread,  desiccated,  and 
replaced  by  the  raw  grain  before  day.  The  owner 
of  the  corn  drying  on  a kUn,  sits  up  aU  night  to  watch 
it.  In  this  way  discovery  was  eluded,  and  the  malt- 
ing terminated.  Besides  the  much-valued  flavor  of 
potteen,  it  had  derived  a part  of  its  character  owing  to 
its  being  distilled  entirely  from  malt.  Now,  however, 
about  one-fourth  of  raw  com  is  generally  added.  From 
a bushel  of  this  mixed  grist,  the  potteen-maker  obtains 
a gallon  of  spirit,  of  what  is  called  three-to-one ; or  three 
glasses  of  spirit  mixed  with  one  glass  of  water  aSbrd 
proof  sphit.  This  is,  according  to  calculation,  much 
below  the  produce  that  ought  to  be  obtained. 

The  body  of  the  still  cost  one  pound,  its  head  four 
shillings,  the  worm  cost  twenty-five  shillings,  the  mash 
tun  and  flake-stand,  twelve  shillings;  three  pounds 
was,  therefore,  tire  value  of  the  whole  distUlery.  It  is 
piuposely  conducted  in  this  economical  plan,  as  it  holds 
out  no  inducement  to  informers  or  Excisemen.  Some- 


times they  have  been  constructed  on  an  extensive 
scale.  It  is  very  doubtful  whether  the  aroma  depends 
on  the  tm-f  smoke,  for  it  is  stated  that  the  spirit  has 
the  same  taste  and  odor  when  coal  is  burned  imder 
the  kfin.  It  is  possible  that  the  turf  smoke  may 
be  absorbed  by  the  spirit,  for  it  is  well  luiown  that  there 
is  a period  of  the  alcohohc  fermentation  at  which  odors 
are  apt  to  be  retained.  The  peculiar  flavor  must 
certainly  arise  either  from  the  turf  or  the  bog  water  in 
which  the  malt  is  steeped.  When  dried  in  the  kiln 
after  steeping,  the  heat  is  often  sufficient  to  char  the 
bog  extract  remaining  in  the  malt;  consequently,  tliis 
would  communicate  an  agreeable  smoky  aroma  to  the 
spirit. 

Morewood  gives  the  annexed  interesting  details  on 
the  subject  of  illicit  distOlation : — The  spirit  distilled  from 
pure  malt  is  considered  superior  to  that  made  from  a mix- 
ture of  malt  and  raw  gi'ain.  To  assign  a reason  for  this, 
would  require  an  analysis  and  report  of  particulars  of  the 
process  of  malting ; but  it  may  be  sufficient  to  observe, 
that  the  effects  of  the  malting  process  are  similar  to 
those  the  grain  undergoes  in  the  course  of  vegetation, 
when  sown  in  the  eaidh.  Illicit  distillers,  as  if  aware  of 
the  value  of  this  metamorphosis,  almost  invariably  use 
malted  grain.  From  a want  of  scientific  knowledge 
and  proper  utensils,  they  conduct  their  business  in  a 
different  manner  from  that  pursued  by  licensed  traders. 
In.  preparing  the  malt,  the  sacks  of  barley  are  generally 
steeped  in  bog-holes  or  other  places,  where  they  re- 
main forty-eight  hours,  or  until  completely  saturated 
with  the  water.  They  are  then  di-awn  out  and  drained 
for  ten  or  twelve  hours.  After  this  the  grain  is  spread 
out  upon  the  floor  in  a thick  layer,  and  remains  so  till 
it  begins  to  chip  or  germinate ; it  is  toned  occasion- 
ally, imtil  all  appears  alike  sprouted.  It  is  afterwards 
spread  by  degrees,  till  such  time  as  the  buds  show 
three  points,  and  when  these  points  have  gi’own  half 
way  down  the  grains,  by  means  of  a regular  heat, 
the  particles  are  semi-transparent.  At  this  stage  it  is 
spread  thicker  on  the  floor,  and  brought  to  a heat  easily 
perceptible  to  the  hand,  then  thrown  into  a round  heap, 
and  suffered  to  remain  in  that  state  for  twenty-four  hours, 
or  longer;  the  latter  is  termed  the  rot  or  withering 
heap.  It  is  then  carried  to  the  kihi  and  dried  by  turf ; 
the  kiln-head  on  which  it  is  dried  is  covered  with  de- 
cayed straw,  over  which,  if  convenient,  is  placed  hair- 
cloth or  matting.  The  period  of  drying  a kiln-head  or 
crop,  as  it  is  termed,  is  commoiJy  twenty-four  hours, 
when  directed  by  a person  of  experience.  The  grain, 
while  on  the  kfin,  is  carefully  toned  by  the  hand,  to  ex- 
pose every  particle  to  the  same  heat,  and  to  prepare  it 
for  coarse  grinding.  It  is  next  taken  to  the  stiU-house, 
which  is  usually  a hovel  or  excavation  near  a running 
stream,  or  where  there  is  a full  supply  of  water.  The 
quantity  of  malt  to  be  brewed  is  commonly  from  sixteen 
to  seventeen  stones ; after  being  bmised  or  mashed  in 
the  ordinary  way,  it  is  covered  in  the  kiln  with  a lid 
or  sacks,  and  suffered  to  repose  for  three  or  four  hours. 
The  worts  are  then  drawn  off,  and  cooled  to  a tempera- 
ture regulated  by  the  finger,  no  instrument  being  used 
for  that  purpose,  and  commonly  to  the  same  degree 
as  that  which  is  observed  in  regular  distilleries;  they 
are  next  put  into  a pipe  or  puncheon,  with  about  a 
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gallon  of  yeast ; in  an  hour  or  two  after  the  barm  is 
added,  fermentation  begins,  and  in  twenty-four  hours 
afterwards,  the  attenuation  is  considered  complete. 
Sometimes  two  brewings,  after  imdergoing  the  fer- 
menting process  for  about  eighteen  hours,  are  con- 
sidered fit  for  the  still;  and  in  the  ordinary  course 
of  working,  a brewing  is  made  every  morning.  The 
quantity  of  pure  spirit  di-awn  from  these  two  brewings, 
is  usually  two  hundred  and  twenty-three  gallons,  of 
one-to-two,  or  two-to-five ; or,  in  other  words,  the  spirit 
is  of  such  a strength  that  it  will  bear  one  gallon  of 
water  to  about  two  gallons  of  spirit,  or  two  gallons  of 
water  to  five  of  spirit,  to  bring  it  to  proof.  The  usual 
strength  at  which  illicit  spirit  is  made,  is  from  four  to 
six  over  proof  on  Sykes’  hydrometer;  but  sometimes 
it  is  as  much  as  eight  per  cent.,  and  in  many  cases  it 
has  been  sold  at  a strength  of  thirty  over  proof. 

In  making  the  malt,  and  in  the  mode  of  distilling,  the 
flavor  is  altogether  formed;  no  machinery  is  employed 
ill  the  stm  to  keep  the  hquid  from  empyreuma. 

In  distilling  the  wash,  the  strong  low-wines  are  sepa- 
rated from  the  weak,  the  latter  being  thi’own  back  into 
the  still  with  the  succeeding  charge  of  wash ; a similar 
practice  is  observed  in  making  spirit,  the  faints  being 
put  into  the  stiU  with  the  next  charge  of  low-wines. 
Thus  the  spirit  is  preserved  pure  and  clear,  nothing 
whatever  being  used  in  the  distillation  but  a small 
quantity  of  soap  thrown  into  the  still  with  the  pot-ale  or 
refuse,  to  neutrahze  or  keep  down  the  yeast,  as  they 
term  it,  which  would  otherwise  cause  the  run  of  the 
low-wines  to  become  colored  like  the  wash,  or  to  get 
foul.  It  is  a mistaken  notion  to  suppose  that  soap  is 
used  only  by  the  larger  distillers,  since  it  is  considered 
an  indispensable  article  by  every  person  who  under- 
stands the  mode  of  working  a stid  on  the  old  system. 

The  spirit  of  these  illicit  stills  has  been  long  a favorite 
beverage  in  Ireland,  being  from  malt  without  adultera- 
tion, and  possessing  a flavor  which  habit  has  rendered 
most  agreeable.  This,  combined  with  the  high  duties 
on  legally-distilled  spirit,  and  the  want  of  a ready 
market  for  the  disposal  of  the  grain  of  remote  and 
mountainous  districts,  induced  the  people  to  embark  in 
this  contraband  trafiSc  to  an  extent  which  was  not  only 
injurious  to  the  agriculture  and  revenue  of  the  country, 
but  to  the  morals  and  peaceful  habits  of  the  community. 
To  such  an  extent  was  it  carried,  that  in  1806,  out  of 
eleven  million  four  hundi'ed  thousand  and  thirty  gallons, 
the  computed  consumption  of  spirit  in  Ireland  in  that 
year,  three  million  eight  hundred  thousand  gallons  were 
allowed  to  be  the  produce  of  illicit  manufacturers,  and 
in  1811,  1812,  and  1813,  there  were  no  less  than  nine- 
teen thousand  and  sixty-seven  iUicit  distilleries  destroyed 
by  the  revenue  and  military. 

To  put  down  this  unlawful  trade,  various  enactments 
were  passed  by  the  legislature,  among  which  that  of 
fining  the  townlands  on  which  any  portion  of  a still, 
wash,  low-wines,  or  other  materials  for  distillation  were 
found,  was  not  the  least  oppressive.  The  annual  aver- 
age of  fines  levied  for  seven  years  under  the  act  for  the 
suppression  of  this  evil,  amounted  to  fifty  thousand  nine 
hmidred  and  eighty-nine  pounds  for  all  Ireland,  while 
in  one  county  alone,  the  sum  paid  in  1806,  was  two 
thousand  six  hundred  and  twenty  pounds;  in  1807, 


two  thousand  seven  hundred  and  fifty;  and  in  1814, 
eighteen  thousand  one  hundi-ed  and  twenty-five.  How 
could  it  be  expected  to  be  otherwise,  when  it  was  proved 
before  the  parhamentary  commissioners,  that  many  men 
were  found  to  declare  they  had  never  done  a day’s 
work  in  their  fives  except  at  illicit  distillation,  and  that 
they  Imew  nothing  else  by  which  they  could  gain  a 
livelihood  ? 

Many  interesting  and  curious  facts  might  be  re- 
lated of  the  extraordinary  contrivances  of  the  people 
to  evade  the  law  and  prevent  detection,  such  as  the 
artful  construction  of  distilleries  on  the  boundaries  of 
townlands,  in  the  caverns  of  mountains,  on  islands  in 
lakes,  on  boats  in  rivers ; of  carrying  away  and  secret- 
ing revenue  officers  for  weeks  together  to  prevent  tlieir 
giving  testimony,  the  romantic  manner  of  their  treat- 
ment while  in  confinement,  and  the  various  other 
schemes  and  devices  to  defeat  the  intentions  of  the 
government. 

Among  these,  Moeewood  narrates  the  instance  of  a 
person  who  had  constructed  a distillery  so  artfuUy,  thal 
it  eluded  the  vigilance  of  the  most  expert  officers  of 
Excise,  though  they  knew  of  its  existence  in  the  neigh- 
borhood. A determined  functionary  of  this  staff  re- 
solved to  find  it  out  at  aU  hazards,  and  on  one  moon- 
light night,  alone,  he  followed  a horse  led  by  a peasant, 
having  a sack  across  the  back  of  the  animal,  which,  he 
suspected,  contained  materials  for  this  mysterious  manu- 
factory. When  the  horse  had  airived  at  a certaiij 
place,  the  sack  was  removed  from  his  back,  and  sud- 
denly disappeared.  The  officer  made  his  obseiwations, 
returned  to  his  residence,  and  having  procured  military 
assistance,  repaired  to  the  place  where  the  horse  had 
been  unloaded.  All  was  silent,  the  moon  shone  bright, 
the  ground  was  unmarked  by  any  peculiar  appearance, 
and  he  was  almost  inclined,  as  well  as  those  who  accom- 
panied him,  to  think  that  he  had  labored  under  a 
delusion.  Perceiving,  however,  some  brambles  loosely 
scattered  about  the  place,  he  proceeded  to  examine 
more  minutely,  and,  on  their  removal,  discovered  some 
loose  sods,  under  which  was  found  a trap-door  leading 
to  a small  cavern,  at  the  bottom  of  which  was  a com- 
plete distillery  at  full  work,  supplied  by  a subterraneous 
stream,  and  the  smoke  conveyed  from  it  through  the 
vvindings  of  a tube  that  was  made  to  communicate  with 
the  funnel  of  the  chimney  of  the  distiller’s  dwellmg- 
house,  situated  at  a considerable  distance. 

Another  distillery  has  been  known  to  be  worked  on 
the  site  of,  and  in  conjunction  with,  a lime-kiln,  which, 
from  the  kiln  being  continually  in  operation,  kept  the 
other  for  years  without  detection.  So  cunningly  were 
some  of  those  still-houses  situated,  and  so  artfully  con- 
structed, that  the  smoke  proceeding  from  them  was 
made  to  issue  as  if  from  burning  heath  or  sods  of  peat 
ignited  for  manme.  Their  position  was,  for  the  most 
part,  either  on  a commanding  eminence,  in  the  centre 
of  a bog,  or  in  a well-secured  stronghold,  but  always 
calculated  to  prevent  the  identity  of  townland  or  pro- 
prietorship ; while  the  portability  and  easy  removal  of 
the  apparatus  rendered  the  discovery  and  seizure  of 
those  stOls  difficult  and  hazardous.  On  the  approach  of 
a stranger,  an  alarm  was  given,  either  by  deputing  n 
messenger  or  sounding  a horn,  wliile  the  machinery 
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was  removed  and  the  pot-ale  always  destroyed,  or  con- 
veyed into  receptacles  under  ground,  prepared  for  such 
exigencies.  Thus  the  still-hunter  was  often  disappointed 
of  his  expected  prize,  the  poor  distiller  put  to  the  loss 
of  many  a brewing,  and  the  Excise  officer  rendered  the 
object  of  the  hatred  and  vindictive  feeling  of  the  unre- 
flecting peasantry. 

The  fines  on  townlands  having  been  abolished,  it  was 
foimd  necessary  to  adopt  some  other  measure  to  put 
down  illicit  distillation.  Eecourse  was  therefore  had 
to  a revenue  pohce,  the  Excise  officers  having  too  much 
other  business  to  attend  to,  and  the  difficulty  and  ex- 
pense of  procuring  regular  military  assistance  being 
almost  insm'mountable.  Accordingly,  a revenue  police 
was  established  in  1822,  and  was  gradually  augmented, 
in  proportion  to  the  exigency  of  the  service.  In  1826 
this  force  amounted  to  thirty- two  parties ; in  January, 
1833,  to  fifty-seven  parties ; and  in  1838,  to  seventy 
parties,  amounting,  including  officers  and  men,  to  up- 
wards of  twelve  hundi’ed  persons.  They  were  distributed 
through  those  parts  of  the  country  in  which  prohibited 
distillation  most  prevailed ; and  though  their  exertions 
have  been  very  great,  yet  they  have  but  partially  sup- 
pressed the  evil.  Their  services  will  be  best  appre- 
ciated by  an  enumeration  of  the  detections  made  by 
them  in  four  successive  years . — 


Stills. 

Malt. 

Distilleries. 

Worts. 

Spirits  seized. 

Bushels. 

Gallons. 

Gallons. 

1830,  . . 

...  804  . 

. 25,136 

..  1,788  .. 

122,263 

..  624 

1831,  .. 

. ..  123  . 

. 24,901 

. . 1,479  .. 

106,908 

..  353 

1832,  .. 

...  974  . 

. 47,683 

. . 2,299  .. 

203,472 

..1150 

1833,  . , 

...1537  . 

. 71,782 

..  3,300  . . 

320,813 

..6944 

Of  the  many  plans  which  have  been  laid  to  obstruct 
the  revenue  officers  in  the  discharge  of  their  duty,  the 
following  is  not  the  least  deserving  of  notice : — On  the 
approach  of  the  assizes  of  1803,  when  many  were  about 
to  be  prosecuted  for  illicitly  distilling,  an  officer,  stationed 
at  Dunfanaghy,  in  the  county  of  Donegal,  who  was  to 
support  the  informations,  was  suddenly  seized,  blind- 
folded, and  carried  away  by  a body  of  men  in  disguise, 
and  brought  to  the  island  of  Arran,  on  the  Western 
coast.  Thence  he  was  conveyed  to  the  islands  of  Goal, 
Innismay,  et  cetera,  where  he  was  closely  confined,  often 
threatened  with  the  loss  of  fife,  and  was  even  obliged, 
by  way  of  humiliation  for  his  active  services,  to  assist 
in  the  working  of  an  illicit  stUl ; while,  like  another 
Tantalus,  the  cup  of  pleasure  was  held  to  his  parched 
lips,  without  the  liberty  of  gratifying  his  thirsty  desires. 
At  the  end  of  thirteen  days,  when  the  necessity  for  his 
confinement  had  ceased,  he  was  again  blindfolded,  taken 
from  the  island,  and  sent  a considerable  distance  into 
the  interior  of  the  cormtry,  where  the  mask  was  re- 
moved from  his  face,  and  he  was  allowed,  in  the  soli- 
tude of  night,  to  make  his  way  to  his  disconsolate 
family,  who,  all  the  time,  had  looked  upon  his  restora- 
tion as  hopeless. 

Another  officer,  on  a similar  occasion,  was  hurried 
from  his  bed,  put  into  a sack,  thrown  across  the  back 
of  a horse,  and  in  this  manner  was  conducted  to  the 
margin  of  a lake,  where,  in  his  own  hearing,  a consulta- 
tion was  held  as  to  whether  he  should  be  drowned,  by 
tying  a stone  to  the  sack  and  committing  it  to  the  deep, 
or  be  put  to  a more  lingering  and  torturing  death.  In 
this  awful  state  of  suspense  he  was  removed  to  a moun- 
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tainous  part  of  the  country,  where  he  was  subjected  to 
every  kind  of  insult  and  privation,  continually  menaced 
with  death  in  every  shape  of  barbarity,  led  out  at  night 
as  if  about  to  be  executed,  and  reconducted  to  his 
solitary  habitation,  anticipating  a renewal  of  further 
cruelties.  In  this  state  he  was  retained  for  a consider- 
able time,  till  the  judge  who  presided  at  the  assizes, 
during  the  trial  of  some  persons  for  illicitly  distilling, 
suspecting  the  parties  as  being  accessary  to  this  outrage, 
told  them,  that  if  the  officer  who  had  been  taken  away 
was  not  immediately  liberated,  he  would  pass  such  a 
sentence  on  them  as  would  for  ever  put  it  out  of  their 
power  to  commit  such  another  offence,  and  gave  them 
but  twenty-four  hours  for  his  restoration.  This  had 
the  desired  effect : the  unfortunate  man  was  again  put 
into  a sack,  and  restored  to  his  family  in  the  same 
manner  as  that  in  which  he  had  been  carried  away. — 
Morewood. 

Whisky  is  generally  made  in  the  United  States  from 
Indian  corn;  and  in  Cincinnati,  where  this  grain 
abounds,  there  is  so  large  a quantity  of  alcohol  and 
whisky  manufactured  as  to  supply  the  Western  and 
Southern  markets. 

The  opposition  given  of  late  by  the  temperance  socie- 
ties to  intoxication,  has  diminished  the  consumption  of 
spiritous  liquors  very  much  in  the  United  States.  Some 
States  are  prohibited  by  law  from  either  manufacturing 
or  vending  ardent  spirit  of  any  kind,  and  they  are 
using  their  utmost  endeavors  to  have  the  same  law 
passed  by  the  legislatures  of  other  States. 

Numbers  of  distilleries  are  now  at  work  in  Canada ; 
hke  those  of  their  neighbors,  they  are  mostly  of  wood, 
and  worked  by  steam.  In  Pittsburg,  and  other  parts 
of  the  United  States,  the  whisky  is  purified  by  filtering 
it  through  charcoal  coarsely  ground.  Seven  miles  from 
the  city  of  Toronto  is  a large  distillery,  the  annexed 
drawing  and  description  of  which — Fig.  73 — are  taken 
from  Mokewood. 

A is  the  brickwork,  in  which  the  iron  boiler,  with  a 
cylindrical  flue  running  through  the  centre,  is  partly  en- 
closed. B and  c are  the  first  and  second  wooden  stills,  of 
the  same  size,  being  four  feet  eight  inches  at  bottom,  and 
four  feet  six  inches  at  top,  with  an  altitude  of  six  feet; 
D is  the  doubling  or  low-wines’  stiU,  two  feet  ten  inches 
at  bottom,  and  two  feet  four  inches  at  top,  the  height 
being  three  feet  nine  inches : E is  the  worm-tub,  six 
feet  at  bottom,  five  feet  at  top,  and  nine  feet  high, 
supplied  by  a copious  stream  of  water ; F the  low-wines’ 
and  faints’  receiver : G is  the  recipient  for  the  spirit  pre- 
vious to  passing  through  the  rectifiers  or  filtering  ves- 
sels, H,  I,  and  is  two  feet  at  bottom,  two  feet  four  inches 
at  top,  by  two  feet  in  height.  The  top  diameter  of  h 
and  I is  three  feet,  and  the  bottom  two  feet,  the  alti- 
tude being  five  feet ; they  are  filled  Avith  charcoal 
and  other  material,  through  which  the  liquor  grad- 
ually descends  in  a limpid,  gently-flowing  current 
into  J,  the  final  receiver,  or  store  cask.  K is  a tank 
or  large  vessel  for  holding  warm  water  for  distilling 
pmqioses,  supphed  from  the  top  of  the  worm  tub,  the 
heat  of  which  is  supported  by  steam  from  the  tube,  c, 
connected  with  the  boiler,  and  having  a stopcock  for 
regulation  at  e.  The  tank  is  a reservoir  for  supplying 
the  mash  tubs  with  water,  of  which,  in  the  establishment, 
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there  are  fourteen,  each  measuring  three  feet  four  inches 
by  three  feet  six  inches  in  diameter,  ranged  on  a loft 
above  the  stills,  in  such  a manner  that,  after  the  worts 
have  undergone  feimentation  in  these  tubs,  they  are 
let  down  by  a leader  or  trough  into  the  second  still,  C, 
at  g.  When  the  first  charge  is  worked  off,  the  remain- 
der is  let  into  the  first  still,  and  the  second  still  is 
charged  from  the  mash-keeve.  To  facOitate  the  opera- 
tion, there  are  pipes  with  proper  stopcocks  from  still  to 
stO],  such  as  that  at  /;  and  it  wOl  be  perceived  that  the 
whole  process  of  distillation  is  effected  by  means  of 
steam  admitted  through  the  tube,  d,  projecting  from 
the  main  upright  pipe  of  the  boiler  into  the  first  still,  b, 


and  so  proceeding  by  other  pipes  through  the  other 
stills.  The  tubes  which  convey  the  steam  into  the 
stills  descend  to  nearly  three  or  four  inches  from  the 
bottom. 

All  the  vessels  and  pipes,  as  well  as  the  stUls,  are 
made  of  pine ; the  pipes  are  nine  inches  square,  with  a 
bore  of  two  and  a half  inches  in  diameter.  The  steam- 
boiler  is  seven  feet  deep,  the  height  of  which,  at  the 
fire  place,  is  eight  feet,  and  it  is  supplied  by  water  from 
the  worm-tub  by  the  pipe,  a,  regulated  by  a stopcock 
or  ball  of  lead  wliich  is  worked  by  the  cord,  6.  It  is  not 
necessary  to  describe  the  other  vessels  of  this  arrange- 
ment, as  they  are  similar  to  those  employed  in  the  dis- 
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tilleries  of  Scotland  and  Ireland.  The  greatest  disad- 
vantage attending  it,  is  the  liabihty  of  the  timber 
becoming  soon  unserviceable  when  the  operations 
are  discontinued  for  any  time;  but  in  a country  hke 
Canada,  where  wood  is  so  plentiful,  this  inconvenience 
is  readily  repaired. 

The  wash  is  usually  made  from  rye,  wheat,  or  Indian 
corn,  with  a mixture  of  one-twentieth  part  of  barley 
malt,  or  one  pound  to  the  bushel  of  mixed  grain ; many 
use  a larger  quantity.  This  is  ground  or  crushed  in 
a miU,  and  then  mashed  with  water,  at  a heat  ranging 
between  158°  and  162°;  others  work  at  a temperature 
so  high  as  180°  and  190°  Fahr.,  but  this  is  uncommon. 
^Vhen  mashed,  a cover  is  immediately  put  on  the  tubs,  or 
keeves,  in  order  to  preserve  the  heat  as  much  as  possible. 
The  mash  is  tlien  permitted  to  remain,  with  an  occa- 
sional agitation  by  the  rakes  for  about  two  hours,  until 
the  menstruum  acquires  its  proper  sweetness ; at  this 
stage,  cold  water  is  added  to  reduce  the  heat  to  60°  or 
64°,  but  mostly  to  70°  or  74°,  when  yeast  is  added. 
This  yeast  is  home  made,  in  country  places  in  particu- 
lar, but  in  the  towns  it  is  usually  procured  from  brewers. 
The  tubs  or  keeves  are  again  covered  and  allowed  to 
repose  until  completely  fermented,  when  the  distilling 
commences.  The  grains  and  all  are  put  into  the  stiU. 


Brewing  and  distiUmg  are  generally  carried  on  in  the 
Canadas  from  October  till  May. 

No  duty  is  charged  on  malt  in  the  Canadas,  and  the 
distUlers  have,  therefore,  every  encouragement  to  make 
use  of  it  in  what  proportion  they  may  deem  necessary 
for  the  production  of  a good  and  palatable  spirit;  the  ale 
made  from  it  is  celebrated  in  the  West  Indies. 

KECTIFICATION  OF  SPIRIT.— On  recapitulating 
the  steps  through  which  the  production  of  spirit  has 
been  traced,  it  will  be  seen  that  at  first  the  grain — 
sometimes  mixed  with  malt — is  crushed  in  order  to 
allow  hot  water  to  act  more  readily  upon  its  mealy 
ingredients ; next,  the  mashing  takes  place  and  worts 
result ; then  the  fermentation  of  the  worts  commences, 
whereby  the  saccharine  principle  is  resolved  into  alco- 
hol ; finally,  tliis  alcohol  is,  by  successive  distillations, 
separated  from  its  greater  portion  of  water,  and  plain 
British  spirit  is  obtained.  Alcohol,  so  highly  prized  by 
chemists,  the  various  forms  of  spiritous  liquors  known  as 
hollands,  whisky,  gin,  British  brandy,  and  rum,  and  the 
cordials  under  the  name  of  peppermmt,  cloves,  aniseed, 
et  cetera,  are  produced  by  the  rectifier,  from  plain  spirit 
purchased  from  the  distiller;  consequently,  the  two 
branches  are  perfectly  distinct.  British  spirit  is  but 
little  known  in  the  form  in  which  it  leaves  the  distillery, 
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because  it  receives  from  the  rectifier  the  exclusive  pro- 
perty by  which  it  is  rendered  a household  word.  One 
of  the  most  extensive  and  elegant  rectifying  distilleries 
is  that  of  Messrs.  Child  and  Son,  in  London,  and  from 
all  aceounts  the  resources  of  modem  scienee  are  there 
brought  to  bear  on  this  particular  branch  of  manufac- 
ture with  tact  and  discrimination. 

The  manufacturer  of  whisky,  or  any  of  the  other 
alcoholic  liquors,  rarely  purifies  the  products,  but 
disposes  of  them  to  the  rectifying  distiller,  whose 
business  it  is  to  remove  from  them  any  contamina- 
tions which  render  them  disagreeable  or  higlily  in- 
jurious. If,  however,  the  fabricator  conducts  this  opera- 
tion as  well  as  the  original  preparation  from  the  grain, 
a distinct  part  of  his  premises  is  allotted  to  the  work, 
according  to  legal  enactments,  and  a peculiar  process 
followed,  which  will  be  here  considered. 

AU  spiritous  liquors  are  identical,  when  the  ex- 
traneous bodies  from  which  such  liquors  are  obtained 
have  been  removed,  with  this  exception,  that  a vari- 
able amount  of  water  is  present  in  them ; they  are 
more  or  less  concentrated  solutions  of  alcohol,  whose 
properties  have  been  fully  given;  thus,  the  alcohol 
from  wine,  rum,  malt,  potatoes,  carrots,  beets,  grasses, 
and  various  other  sources,  is  the  same  in  quality,  pro- 
vided all  the  other  solid  and  liquid  impurities  be  re- 
moved. A single  distillation  of  th$  spiritous  portions 
of  those  liquids  will  not  efiect  their  purification,  and 
where  volatile  oils  are  present,  distillation  merely, 
how  often  soever  repeated,  will  not  separate  them, 
for  these  volatile  impurities  pass  over  during  dis- 
tillation; hence,  the  spirit  procured  from  wines  by 
simple  distillation  wiU  have  their  peculiar  flavor; 
beer,  when  distilled,  will,  for  the  same  reason,  yield 
alcohol  possessing  the  abominable  taste  of  the  yeast; 
malt  spirit  will  have  the  disagreeable  qualities  of  faints 
from  the  presence  of  an  oil  of  an  acrid  bad  taste ; and 
potato  spirit  the  physical  characteristics  of  fusel  oil, 
or  oil  of  potatoes.  Thus,  the  disagreeableness  or  fra- 
grancy  of  distilled  products  is,  as  in  the  case  of  malt 
and  potato  spirit,  due  to  the  presence  of  an  essential 
oil,  derived  from  the  source  of  the  alcoholic  liquid. 
The  chief  object  of  the  distiller  in  rectifying  spirit 
is  the  removal  of  these  oily  bodies  in  order  to  pro- 
cure a pure  alcohol,  from  which,  by  the  aid  of  other 
ingredients,  he  can  fabricate  liquors  imitating  those 
more  costly  products  which  are  formed  naturally,  such 
as  the  better  varieties  of  brandy,  gin,  whisky,  and  all 
the  other  kinds  of  liquors  and  cordials  which  are  in 
daily  request  as  favorite  beverages  with  the  commu- 
nity. 

Caustic  potassa — under  the  name  of  grey  salts — or 
soda,  is  added  to  unite  with  the  oil ; pearl-ash — white 
salts — is  employed  with  the  view  of  combining  witli  the 
water,  as  was  mentioned  under  the  formation  of  abso- 
lute alcohol  in  the  commencement  of  this  article,  as 
well  as  to  take  up  the  fatty  or  oily  impurities.  The 
alkali  combines  with  the  oil,  giving  a soap  which  re- 
mains in  the  still,  while  the  spirit  passes  off  divested  of 
its  impurities.  It  has  been  ascertained,  that  when  car- 
bonated alkali  is  used,  the  distillate  contains  some  of 
the  salt,  as  it  affects  litmus  and  turmeric  papers — hence 
this  method  cannot  always  be  followed.  Every  rectity- 
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ing  distiller  in  the  kingdom  fabricates  cognacs,  genevas, 
usquebaughs,  et  cetera,  from  the  disagreeable  low-wines 
of  the  malt  distiller,  or  from  the  foul  potato  or  carrot 
spirit  of  foreign  manufacturers. 

AU  of  these  spirits,  as  they  come  from  the  first 
distillation  of  the  respective  mashes,  are  caUed  low 
wines  or  singlings,  and  are  charged  with  oUs,  and  unfit 
for  any  use  while  in  that  state.  When  they  are  redis- 
tiUed,  the  first  portion  which  comes  over  is  much  purer, 
and  contains  less  water  than  the  singlings ; this  is  called 
theyb^•es7^o^.  So  much  of  this  spirit  as  can  be  produced 
without  the  smeU  of  faints,  is  retained  as  whisky,  and 
the  remaining  portion  is  diluted  and  submitted  to  fur- 
ther distillation. 

The  strength  of  whisky,  as  sent  out  from  the  manu- 
factory, is  generally  about  twenty-five  per  cent,  over 
hydrometer  proof,  on  Dicas’  scale.  On  a further  distil- 
lation of  this  whisky,  a spirit  is  obtained  which  marks 
about  forty-six  per  cent,  over  proof,  and  is  about  the 
strength  of  spirit  of  wine  in  general;  of  this,  about 
eighty  gallons  are  obtained  from  one  hundred  gallons 
of  ordinary  whisky,  of  twenty-five  per  cent,  over  proof. 

A further  distUlation  affords  a liquid  of  spec.  grav. 
0'820,  which  is  the  strongest  spirit  that  can  he  obtained 
by  mere  distillation. 

When  various  compounds,  such  as  chloride  of  cal- 
cium, caustic  hme,  sulphate  of  soda,  or  acetate  of 
potassa,  have  been  employed,  either  for  the  purpose  of 
uniting  with  water  or  oily  matter  in  the  liquors,  por- 
tions of  these  bodies  are,  according  to  the  statements  of 
Dubue,  invariably  found  in  the  distillate.  The  same 
authority  states,  that  when  spirit  was  distilled  over  cal- 
cined alum,  the  condensed  liquid  reddened  litmus  paper, 
but  when  sulphuric  acid  was  added  in  small  quantity 
to  the  spirit,  not  exceeding  thirty-eight  degrees  of  the 
areometer,  the  product  which  came  over  was  found  to  be 
quite  pure.  Alumina,  or  aluminous  clay,  well  washed 
and  dried,  was  found  capable  of  abstracting  small  quan- 
tities of  water  from  sphit,  and  no  portion  of  it  passed 
over  into  the  receiver. 

Charcoal  is  a means  by  which  the  disagreeable  flavor 
of  spiritous  liquors  is  removed.  It  has  been  made  the  i 
subject  of  investigation  by  several  chemists,  among 
whom,  LoWITZ  ascertained  that,  by  distilling  common 
malt  spirit  over  charcoal,  its  peculiar  bad  smell  was 
removed ; this  is  also  effected  by  merely  agitating  the 
two  together.  He  performed  ten  experiments,  with  one 
pound  of  common  spirit  for  each  operation,  and  a vari- 
able quantity  of  charcoal,  from  half  a di'achm  to  five 
ounces,  with  the  following  results  : — 

Half  a drachm  of  charcoal  scarcely  altered  the  smell, 
and  the  liquor  did  not  clear  for  six  months. 

One  drachm  of  the  charcoal  had  no  better  effect  in 
removing  the  bad  flavor  and  odor ; but  cleared  it  in 
four  months. 

Two  drachms  cleared  the  spirit  in  one  month. 

Four  drachms  removed  the  smell  in  a very  sensible 
degree,  and  the  spirit  became  clear  in  one  month. 

One  oimce  of  the  charcoal  completely  freed  the  spirit 
from  the  bad  smell,  and  clarified  it  in  a fortnight. 

An  ounce  and  a half  cleared  it  in  eight  days ; three 
ounces  in  five  days ; four  ounces  in  twenty-four  hours  ; 
and  five  ounces  in  two  hours. 
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From  the  experiments  of  Hahneman  and  Kels, 
it  would  appear  that  the  use  of  charcoal  in  purifying 
spirit  confers  a peculiar  fiery  taste,  whether  the  alco- 
holic liquor  be  drawn  off  by  distillation,  or  by  agitating 
the  mixture,  then  allowing  the  charcoal  to  subside,  and 
afterwards  decanting  the  clear  liquid ; its  use  is  there- 
fore objectionable. 

Kunkel  was  the  first  chemist  who  made  the  essen- 
tial oils,  contained  in  spirit,  the  object  of  research.  His 
method  of  rectification  was  to  dilute  largely  with  water 
and  distil,  by  which  the  product  was  much  improved 
in  flavor. 

Wood-ashes  had,  for  a long  time,  been  almost  in 
general  use  in  the  rectification  of  spiritous  liquors ; 
their  beneficial  effects  are  due  to  the  amount  of  al- 
kali they  contain,  which  enters  into  combination  with 
the  small  quantity  of  acid  formed  in  the  spirit,  as  AveU 
as  with  the  oily  matters.  It  would  appear  that  filtra- 
tion through  hydrate  of  lime  has  the  effect  of  removing 
some  of  the  essential  oils  from  spirit ; the  practice  had 
been  followed  in  France,  particularly  among  those  who 
carried  on  an  illicit  trade  by  adding  an  odoriferous  oil 
to  their  brandies,  and  then  entering  them  at  the  Cus- 
toms as  perfumes. 

The  fragrant  principle  was  removed,  subsequently,  by 
diluting  with  water,  and  filtering  through  lime,  slaked 
in  the  air,  which  had  the  effect  of  separating  the  oil, 
provided  it  had  not  been  present  in  great  excess. 

Zeize  affirms  that  agitation  with  a small  quantity 
of  hypochlorite  of  lime  has  the  effect  of  destroying 
the  essential  oil,  and  that  the  spirit,  after  distillation 
from  the  lime  compound,  resembles  brandy  in  flavor; 
most  likely  a small  quantity  of  chloroform  imparts  the 
bouquet.  Milk,  according  to  the  views  of  M.  Cadet 
DE  Vaux,  has  the  peculiar  property  of  removing  the 
bad  flavor  from  the  spirit  obtained  from  the  wines  of 
various  mellow  and  sweet  fruits.  This  is  effected  by 
one  or  two  distillations  with  milk,  and  the  spirits  ob- 
tained are  almost  identical,  and  much  improved,  not- 
withstanding that  they  were  procured  from  quite  differ- 
ent sources. 

The  rectifying  distiller  now  only  considers  the  re- 
moval of  the  oil,  since  the  improved  apparatus  affords 
an  alcohol  of  any  strength  which  is  required  in  aU  ordi- 
nary cases.  The  proportion  of  salts  employed  for  re- 
moving the  oil  from  the  crude  proof  spirit  of  the  large 
wash  distillers,  is  about 

4 lbs.  grey  salts,  and 

4 lbs.  white  salts, 

to  every  seven  hundred  gallons  of  the  ordinary  product. 
Where  the  distiller  infers  that  an  unusual  quantity  of  the 
foul  oil  is  present,  the  proportion  of  salt  is  increased,  and 
sulphuric  acid  is  also  added  in  order  to  ameliorate  the 
flavor  of  the  spirit  by  giving  rise  to  an  ether.  The 
salts  are  dissolved  in  about  two  gallons  of  liquid,  and 
if  the  commercial  article  be  used,  it  is  found  necessary 
to  remove  the  sedimentary  impurities  by  filtration. 
This  alkaline  solution  is  mixed  with  the  liquid,  and  the 
distillation  commenced.  K the  ordinary  common  stOl 
be  employed,  great  attention  must  be  paid  to  the  fire ; 
for  if  it  be  not  timely  slackened  when  the  liquid  first 
boils,  there  is  much  risk  of  the  stiU  running  foul,  that 


is,  boiling  over  through  the  neck  of  the  still,  which 
occurrence  would  of  course  spoil  the  operation ; when, 
on  the  contrary,  the  improved  stills,  such  as  Coffey’s 
and  others,  which  have  been  already  described,  are 
used,  no  danger  is  to  be  apprehended  from  this  evil.  In 
rectifying  faints,  80  under  proof,  the  following  method 
is  used : — The  spirit  is  mixed  with  the  proper  quantity 
of  alkali,  and  the  stills  charged  with  this ; the  first  por- 
tions that  come  over  after  the  stfll  is  brought  down, 
are  collected  separately,  till  the  spirit  runs  at  about 
proof,  when  it  is  turned  off  into  another  receiver ; the 
result  of  this  rectification — the  common  stfll  being  em- 
ployed— will  be  about  ten  per  cent,  over  proof.  On  rec- 
tifying a second  time,  the  distillate  at  first  marks  forty- 
three  per  cent.,  and  is  collected  till  it  iniiicates  thirty  ; 
it  is  then  conducted  into  another  back  until  reduced  to 
ten  per  cent,  over  proof,  and  the  residual  portion,  after 
this  strength,  is  received  in  the  faints-back.  A third 
rectification  will  afford  a spirit  of  fifty-three  per  cent, 
over  proof,  or  spirit  of  wine.  In  the  second  rectifica- 
tion, only  one  half  the  quantity  of  salts  employed  in  the 
first  operation  is  made  use  of;  and  in  the  third,  it  is 
customary  to  add  about  four  pounds  of  animal  charcoal, 
and  ten  pounds  of  coarse  grained  common  salt,  to  every 
hundred  gallons,  to  cleanse  the  stfll.  At  the  distillery  of 
Messrs.  James  Mulleneux  and  Sons,  in  Liverpool, 
where  M.  St.  Marc’s  stills  are  erected,  they  can  rectify 
twelve  hundred  gallons  of  proof  ordinary  wash  spirit  in 
ten  hours,  and  obtain  a product,  if  required,  of  sixty  per 
cent,  over  proof,  and  stronger ; but  in  that  case  a longer 
time  is  required  to  distil  the  whole  contents,  but  the 
trouble  of  repeated  distillations — as  when  the  ordinary 
stiU  is  worked — is  dispensed  with,  besides  a consider- 
able saving  in  labor  and  fuel  is  effected. 

Geneva. — This  far-famed  liquor  has  been  long  the 
subject  of  study  among  distfllers.  Many  trials  have 
been  made  to  produce  a spirit  equal  in  quality  to  that 
imported,  but  with  very  indifferent  success. 

The  subjoined  particulars  were  communicated  to  the 
late  Dr.  Thomson,  by  a gentleman  who  sojourned  in 
Holland  for  several  years,  solely  for  the  purpose  of 
learning  the  process  followed  in  the  manufacture  of  the 
Dutch  hollands  or  geneva.  One  hundred  and  twelve 
pounds  of  barley  malt,  and  two  hundred  and  twenty- 
eight  pounds  of  ryemeal,  are  mashed  with  four  hundred 
and  sixty  gallons  of  water,  at  162°  Fahr. ; after  infusion 
has  taken  place,  cold  water  is  added  to  bring  the 
strength  to  forty -five  pounds  per  barrel,  or  spec.  grav. 
1'047,  at  which  strength,  after  it  has  cooled  to  80°  Fahr., 
it  is  run  into  the  fermenting  tun.  To  the  contents  of 
the  fermenting  back,  which  is  about  five  himdred  gal- 
lons, half  a gallon  of  good  yeast  is  added,  fermentation 
speedily  sets  in,  the  temperature  rises  to  about  90°,  and 
the  attenuation  is  complete  in  forty-eight  hours.  After 
attenuation  of  the  wash,  from  twelve  to  fifteen  pounds 
per  barrel  of  saccharine  matter  remain  undecomposed  in 
the  fermented  liquor.  The  wash  and  grains  are  then 
introduced  into  the  still,  and  the  whole  of  the  low-wines 
distflled  over;  these  are  subjected  to  a second  distilla- 
tion, and  the  distillate  after  rectification  is  the  famous 
geneva.  A few  juniper-berries  and  sometimes  hops  are 
added  in  the  rectification,  to  impart  to  the  spirit  a 
peculiar  terebinthine  flavor. 
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Some  peculiarities  are  seen  in  this  concise  account 
of  the  process  followed  in  Holland,  namely,  the  im- 
perfect attenuation  of  the  wort,  and  the  small  amount 
of  yeast  employed  in  bringing  it  about.  Double  the 
quantity  of  spirits  are  obtained  from  the  worts  of  the 
distillers  in  this  kingdom,  as  is  produced  from  those 
of  Holland,  according  to  the  example  just  given.  It 
is  very  probable  that  the  large  amount  of  yeast  used 
by  British  and  Irish  distillers,  and  the  last  efforts 
tried  to  effect  an  attenuation  as  low  as  possible,  are 
the  very  means  which  communicate  a flavor  to  the 
spirit  so  different  from  the  Dutch.  The  only  liquor 
m this  country  which  can  bear  any  comparison  with 
that  of  Holland,  is  perhaps  the  illicit  product.  A 
manufactory  for  the  production  of  hollands  was  insti- 
tuted some  few  years  since  at  Maidstone,  in  Kent.  It 
never  became  popular,  and  after  languishing  a few 
years,  ended  in  bankruptcy.  It  has  never  since  been 
revived.  Indeed,  according  to  the  present  state  of  the 
Excise  regulations,  it  would  be  preposterous  to  attempt 
it,  and  this  is  only  one  of  the  numerous  instances  of  the 
many  obstacles  in  the  way  of  private  industry  and  enter- 
prise, inflicted  by  the  laws  of  this  country. 

British  Gin  is,  for  the  most  part,  manufactured  by 
the  rectifiers  of  the  low-wines  of  the  Scotch  and  English 
spirit  or  whisky  fabricators.  The  mode  of  procedure 
is  to  rectify  the  spirit  from  the  faints  by  one  or  more 
distillations,  and  then  to  flavor  it  with  berries  and 
various  other  bodies.  These  processes  are  carried  on 
generally  in  a most  absurd  and  uncouth  fashion,  as 
appears  by  the  following  few  receipts  from  the  note- 
book of  one  of  the  most  extensive  and  respectable  dis- 
tillery rectifiers  in  the  kingdom. 

The  stiU  is  charged  with  three  hundred  gallons  of 
liquor,  and  six  hundred  and  fifty  gallons  of  spirit  from 
a previous  rectification,  to  which  are  added — 

95  lbs.  German  juniper  berries, 

95  lbs.  coriander  seeds, 

47  lbs.  crushed  almond  cake, 

2 lbs.  angelica  root,  and 
6 lbs.  liquorice  powder. 

The  whole  is  well  rummaged,  distillation  commenced, 
and  after  the  worm  is  cleansed  by  the  first  portions  drawn 
over  into  the  faints-back,  about  one  hundred  and  sixty 
gallons  are  run  into  forcing-back  No.  4,  then  turned 
off  into  back  No.  3,  till  it  runs  one-to-nine,  or  eleven 
per  cent,  over  proof,  when  it  is  turned  into  faints-back 
No.  8. 

About  four  hundred  gallons  are  found  in  back  No. 
3.  Liquor  is  run  into  back  No.  4,  to  reduce  it  to  fifty 
per  cent,  under  proof ; it  is  fined  by  throwing  into  it  two 
pounds  of  alum  dissolved  in  boiling  water,  and  leaving 
it  to  rest  for  about  eight  hours,  after  which  this  low 
gin  is  pumped  into  back  No.  3,  containing  the  re- 
mainder of  the  charge  to  bring  it  to  twenty-two  per 
cent,  under  proof ; then  the  whole  is  pumped  into  store 
casks  for  use;  the  result  being  one  thousand  one  hundred 
gallons. 

Another  standard  receipt  for  Cordial  Gin-.  Take 
seven  hundred  gallons  of  the  product  of  the  second 
rectification — if  the  improved  stills  are  used,  the  pro- 
duct of  the  first  distillation  answers — and  mix  with  it 
the  following  ingredients : — 
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70  lbs.  German  jumper  berries, 

56  lbs.  coriander  seeds, 

5 lbs.  almond  cake,  crushed  or  broken, 

14  lb.  orris  root,  broken, 

24  lbs.  angelica  root,  cut, 

4 lb.  cardamom,  or,  instead  of  this, 

6 lbs.  liquorice  powder  are  sometimes  added. 

Force  the  first  running  of  the  working,  or  about  two 
hundred  gallons,  by  reducing  it  to  fifty  under  proof, 
adding  three  quarters  of  a pound  of  alum,  boiled  in  two 
quarts  of  water.  In  adopting  this  receipt,  make  a double 
working  of  it,  with  twice  the  quantity  of  the  ingredients. 
Work  in  the  flavoring  in  the  first  charge  of  rectified 
spirits,  having  in  the  back  two  or  three  inches  of  the 
usual  charge,  to  make  up  with  liquor,  and  prevent  the 
bottom  of  the  still  from  injury  by  the  charring  of  the 
large  amount  of  ingredients  depositing  upon  it.  Turn 
the  distillate  into  another  back,  and  reduce  to  fifty  per 
cent,  under  -proof  • force  with  a pound  and  a half  of  alum, 
and  pump  into  fining  cask;  then  charge  witli  rectified 
spirits,  and  work  into  back  containing  goods  from  pre- 
ceding charge.  Bun  down  gin  from  store  cask,  and 
make  up  to  strength  required — seventeen  to  twenty -two 
under  proof. 

Another  receipt  for  the  manufacture  of  Cordial  Gin, 
the  charge  being  nine  hundred  and  fifty  gallons,  is  the 
following : — 

100  lbs,  juniper  berries, 

70  lbs.  coriander  seeds, 

2 lbs.  orris  root, 

1 lb.  angelica  root, 

2 lbs.  calamus  root, 

4 lb.  cardamom  seeds. 

The  operations  being  the  same  as  noted  in  the  pre- 
ceding. 

For  a Fine  Gin. — the  distfilation  of  which  is  carried 
on,  for  the  most  part,  in  the  same  manner  as  the  above, 
— take 

9G0  gallons  of  spirit,  hydrometer  proof, 

96  lbs.  German  juniper  berries, 

6 lbs.  coriander  seeds, 

4 lbs.  grains  of  paradise, 

4 lbs.  angelica  root, 

2 lbs.  orris  root, 

2 lbs.  calamus  root, 

2 lbs.  orange  peel, 

80  or  90  lbs.  of  liquorice  powder  are  occasionally  added,  to 
impart  color  and  sweetness. 

Plain  or  London  Gin  is  made  in  the  following  pro- 
portions : — 

700  gallons  of  the  second  rectification, 

70  lbs.  German  juniper  berries, 

70  lbs.  coriander  seeds, 

34  lbs.  almond  cake, 
l4  lb.  angelica  root, 

6 lbs.  liquorice  powder. 

For  the  manufacture  of  West  Country  Gin,  the  an- 
nexed is  the  process: — Introduce  into  the  still  seven 
hundred  gallons  of  the  second  rectification,  and  flavor 
with 

14  lbs.  German  berries, 

14  lb.  calamus  root,  cut,  and 
8 lbs.  sulphuric  acid. 

This  gin  is  much  used  in  Cornwall,  and  particularly  in 
the  Western  counties  of  England;  it  is  also  used  in 
making  British  hollands,  and  in  that  case  is  mixed  witli 


102  ALCOHOL Flavorings. 

about  five  per  cent  of  fine  gin,  reduced  to  twenty-two 
under  proof  with  liquor. 

For  Geneva. — Charge  of  still  being  nine  hundred  and 
fifty  gallons  of  second  rectification,  the  proportions  are : — 

84  lbs.  jumper  berries, 

HR  lbs.  coriander  seeds, 

G lbs.  cassia  buds, 

4 lbs.  angelica  root, 

6 lbs.  calamus  root, 

G lbs.  almond  cake, 

^ lb.  cardamom. 

Plain  Geneva. — ^For  nine  hundred  and  fifty  gallons 
of  spirit  of  second  rectification,  take 

84  lbs.  juniper  berries, 

84  lbs.  coriander  seeds, 

2 lbs.  almond  cake, 

2 lbs.  orris  root, 

2 lbs.  calamus. 

Another  prescription  for  making  Geneva — and  one 
which  is  much  esteemed — is  the  following: — Add  to 
nine  hundred  and  fifty  gallons — 

14  lbs.  grey  salts,  and 
4 lbs.  white  salts. 

The  rectification  to  be  conducted  with  the  usual  care. 
At  the  second  operation,  add — 

168  lbs.  juniper  berries, 

74  lbs.  coriander  seeds, 

12  lbs.  almond  cake, 

8 lbs.  grains  of  paradise, 

8 lbs.  angelica  root, 

1 lb.  cardamom, 

2 lbs.  calamus. 

It  is  of  importance,  and  deserves  attention,  to  con- 
sider, that  in  making  gin  with  a high  degree  of  flavor, 
the  distillate,  or  flavored  liquor  dratvn  over,  is  very  apt 
to  turn  blue  on  being  diluted,  to  prevent  which  is  very 
often  a difficidt  task.  In  preparing  such  liquors,  how- 
ever, it  would  be  the  most  advantageous  and  satisfactory 
way  to  have  two  stills,  and  to  divide  the  charge  between 
them.  To  one-half  the  amount,  the  whole  of  the  spices 
and  flavoring  matters  are  added,  and  the  liquid  drawn  off 
into  two  backs  till  it  runs  at  eleven  over  proof.  One  of 
the  backs  is  reduced  as  low  as  one  in  two,  or  fifty  per 
cent,  under  proof,  which  ought  always  to  be  observed, 
as  in  making  gin  it  should  on  no  account  exceed  this 
strength,  but  may  be  two  or  tliree  per  cent,  under, 
without  being  disadvantageous.  About  two  to  four 
pounds  of  alum  are  dissolved  in  hot  water,  and  this 
solution  is  thrown  into  the  back  with  the  flavored 
spirit  or  goods,  the  whole  briskly  stirred,  then  pumped 
into  a store  vat,  and  left  to  fine  over  night;  in  the 
morning  it  will  be  clear,  and  is  run  into  the  back  con- 
taining the  second  portion  of  tlte  rectified  spirit,  with- 
out flavoring,  and  diluted  to  twenty-two  or  seventeen 
per  cent,  imder  proof. 

In  making  gin  of  a less  flavor,  or  where  two  stills  can- 
not he  emj)loyed,  it  is  necessary  to  have  a forcing-back 
to  fine.  To  this  forcing-back  a small  cask  is  attached, 
to  enable  the  operator  to  pump  off  the  low  gin  to  the 
portion  of  strong  in  the  back-  The  process  followed 
in  order  to  prevent  the  hluing,  is  to  flavor  and  charge 
the  still,  and  to  run  off  into  the  forcing-back,  till  it 
is  ascertained  at  the  worm  end  that  the  spirit  will  not 
change  color  on  being  diluted  with  water,  and  when 

this  happens,  it  is  turned  off  into  the  working-back  to  the 
usual  strength.  The  gin  is  then  reduced  in  the  forcing- 
back  to  fifty  per  cent,  under  proof,  and  the  aluminous 
solution  poured  in,  on  the  following  day,  when  the 
liquor  has  clarified,  it  is  pumped  to  the  making  vat  to 
the  remainder  of  the  charge,  and  brought  dovm  to  the 
strength  required.  If  too  weak,  it  may  be  raised  by 
adding  the  best  spirit  of  wine  in  the  required  quantity. 

In  France,  an  exceedingly  fine  gin  is  produced  by 
fermenting  a portion  of  juniper  berries  braised  with 
four  parts  of  Wrley  meal,  or  ground  malt,  proceeding 
throughout  the  succeeding  part  of  the  operation  in  the 
same  way  as  when  making  grain  spirit. 

Another  method  practised  is  the  following: — Boil 
during  half  an  hour  two  gallons  of  braised  juniper 
berries  in  four  gallons  of  water ; put  this  into  a barrel 
capable  of  containing  six  gallons;  add  to  it  at  first 
four  pounds  of  rye  bread  that  has  been  dried  and  re- 
duced to  powder,  then  some  aromatic,  according  to  the 
fancy  of  the  manufacturer,  and  two  pounds  of  brown 
sugar.  At  the  end  of  a month  the  liquor  is  converted 
into  an  agreeable  wine,  which,  when  distilled,  affords 
a spirit  much  esteemed,  and  commanding  a high  price. 

Having  given  the  several  incongruous  mixtures  used 
by  the  rectifiers  in  preparing  their  gins,  the  Editor  now 
introduces  a particular  notice  of  each  substance  men- 
tioned, with  a description  of  the  oil  derived  from  it,  and 
its  properties,  to  enable  the  manufacturer  to  become 
better  acquainted  with  the  nature  of  the  roots,  seeds, 
and  essences,  that  give  to  his  liquors  their  peculiar  fra- 
grancy,  astringency,  et  cetera;  moreover,  the  information 
thus  laid  before  him,  may  induce  him  to  make  use  of 
those  only  that  are  serviceable  in  imparting  the  desired 
aroma.  If  spirits  are  at  all  wholesome  (?),  they  must 
be  more  so  in  a pure  than  in  a degraded  state ; conse- 
quently, it  should  be  the  aim  of  the  fabricator  to  ele- 
vate rather  than  to  deprave  the  taste  of  the  consumer. 

Cardamom. — The  oil  obtained  from  this  seed  is 
colorless,  of  an  agreeable  odor,  and  strong  aromatic 
burning  taste;  the  seeds  are  used  in  Abyssinia  as  a 
condiment,  and  in  medicine ; they  are  stimulant,  tonic, 
stomachic,  and  carminative,  and  yield  nearly  five  per 
cent,  of  essential  oil,  the  composition  of  which  is  C,,,  H^. 

Grains  of  Paradise. — The  volatile  oil  has  a light 
yellow  color,  a camphoraceous  smell,  and  a hot,  pene- 
trating taste;  the  seeds  are  esteemed  in  Africa  as  the 
most  wholesome  of  spices,  and  are  generally  used  by 
the  natives  to  season  their  food ; they  are  also  used  for 
medicinal  and  other  purposes,  as  stomachic  and  cordial 
stimulants.  Gins  possessing  a very  peppery  flavor, 
acquire  it  from  grains  of  paradise,  which  yield  half  a 
per  cent,  of  oil. 

Almond  Cake. — This  is  the  residual  cake  of  bitter 
almonds,  after  expressing  the  fixed  oil.  When  distilled, 
it  affords  a volatile  oil,  which  has  a golden  yellow  color, 
an  agreeable  odor,  and  an  acrid  bitter  taste.  Sub- 
stances or  liquids  flavored  with  bitter  almonds  may  act 
injuriously,  owing  to  the  presence  of  hydrocyanic  acid. 

Angelica  Root. — This  root  grows  most  abundantly 
in  Northern  Europe ; its  taste  is  at  first  sweet,  then  hot, 
aromatic,  and  bitter. 

Calamus  Root. — The  taste  of  this  root  is  due  to  the 
oil,  which  is  sharp  and  sweetish;  the  yield  of  oil  is 
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about  one-hundredth  per  cent.  It  is  obtained  by  dis- 

trade  in  the  South  of  Europe,  and  it  is  generally  oh- 

tilling  with  water,  and  is  used  for  flavoring  aromatic 

tained  from  the  high-colored,  white,  or  pale-red  wines  of 

vinegar. 

those  countries,  but  is  often  manufactured  from  inferior 

Orange  Peel. — The  peel  of  the  orange  yields  the  oil 

articles,  such  as  the  refuse  wine  and  the  marcs  of  the 

proper,  which  has  the  strong  odor  of  the  rind. 

wine  press. 

Lemon  Peel. — The  oil  is  obtained  both  by  expression 

Distillation  of  the  wines  is  the  only  thing  necessary 

and  by  distillation.  It  is  chiefly  imported  from  Portu- 

to  procure  this  spirit;  hence,  tlie  richer  the  wine  in 

gal,  Italy,  and  the  South  of  France.  Pure  lemon  oil  is 

alcohol,  the  greater  will  be  the  yield  of  brandy.  A 

very  fluid,  of  an  agreeable  odor,  and  colorless.  Its 

simple  test  with  an  alcoholometer  will  determine  for  the 

taste  is  pleasant  but  pungent,  and  it  is,  therefore,  often 

distfller  the  value  of  the  vnne  as  to  the  yield  of  brandy ; 

used  in  culinary  purposes  as  a substitute  for  the  peel ; 

but  many  other  circumstances,  independent  of  the  manu- 

the  flavor,  however,  wliich  it  imparts,  frequently  savors 

facture,  enhance  the  quality  of  the  product. 

of  turpentine,  and  is  never  so  agreeable  as  that  com- 

Thus,  the  white  wines  do  not  always  afford  more 

mimicated  by  the  fresh  rind  of  the  fruit.  Oil  of  lemon 

alcohol  than  the  red,  hut  the  spirit  is  of  a much  finer 

and  oil  of  turpentine  are  isomeric. 

quality  from  the  former.  The  reason  of  this  is,  that  they 

Juniper  Berries. — What  the  distUler  prizes  in  this 

contain  more  of  the  essential  oil  of  the  grapes.  It  is 

1 berry  is  its  volatile  essence,  which  is  an  oily  liquid, 

also  a singular  fact,  that  those  wines  which  carry  with 

isomeric  with  the  preceding,  and  with  oil  of  turpentine ; 

them  a certain  taste  of  the  soil,  communicate  it  to  the 

their  smell  is  also  very  similar,  hence  the  origin  of  the 

brandy  derived  from  them  hy  distillation;  thus,  the 

supposition  that  London  gin  is  sometimes  mixed  with 

wines  of  Selluel,  in  Dauphind,  give  a certain  brandy 

the  latter.  Oil  of  juniper  is  the  most  powerful  of  aU 

which  has  the  flavor  and  the  taste  of  Florentine  iris ; 

diuretics,  and  gives  to  the  urine  the  smell  of  violets. 

those  of  St.  Pierre,  in  Vivarais,  give  a spirit  which 

It  promotes  perspiration  and  relieves  flatulency.}  conse- 

smells  of  the  violet,  and  so  of  many  other  varieties. 

quently,  gin  is  recommended  in  many  diseases  of  the 

Wines  of  the  countries  nearest  the  Mediterranean 

munary  organs. 

furnish  the  largest  proportion  of  brandy,  which  dimin- 

Coriander. — The  seeds  have  a strong  smell,  and 

ishes  as  the  grapes  grow  in  more  Northern  countries. 

medicinally  are  considered  as  stomachic  and  carmina- 

The  wines  of  the  South  of  France  yield  one-fourth 

tive ; they  are  used  in  sweetmeats,  in  certain  stomachic 

of  brandy,  some  even  one-third,  while  in  the  North  of 

liqueurs,  and,  in  some  coimtries,  in  cooking.  They  con- 

France,  only  about  one-eighth,  or  even  one-tenth  of 

tain  about  half  a per  cent,  of  volatile  oil,  to  which  they 

brandy  is  afforded. 

owe  their  fragrancy,  and  on  this  account  the  seeds  are 

The  fabricator  of  the  better  qualities  of  brandy  in- 

used  in  rectifying  operations. 

variably  distils  the  white  wines;  first,  as  was  before 

Orris  Root  is  the  root  of  Iris  Florentina,  a white 

stated,  because  often  a greater  yield  of  brandy  is  obtained. 

flowering  species  of  iris  found  in  the  South  of  Europe. 

and  this  of  a better  quality  than  from  the  red  wines ; 

It  has  an  agreeable  odor  resembling  violets,  and  is 

and,  secondly,  because  those  wines  fine  sooner,  so  that 

sometimes  used  in  perfumed  powders.  In  its  dried 

they  may  be  distilled  into  brandy  before  the  red  wines 

state  it  is  employed  as  a pectoral  and  expectorant,  and 

are  ready  for  this  operation. 

is  sometimes  made  into  httle  balls  for  issues,  called  orris 

The  stills  employed  on  the  Continent  are  those  of 

peas. 

Liquorice. — A plant  of  the  genus  Glycyrrhiza.  The 
root  abounds  with  a sweet  juice,  much  used  in  demul- 
cent compositions. 

Cassia. — This  plant  furnishes  buds  which  consist  of 
the  calyx  surrounding  and  nearly  encircling  the  young 
ovary.  They  bear  some  resemblance  to  a clove,  but 
are  smaller,  and  when  fresh  have  a rich  cinnamon 
flavor.  They  are  used  for  the  same  purposes  as  cinna- 
mon and  cloves.  The  bark  and  oil  are  powerful  stimu- 
lants. Oils  of  cassia  and  cinnamon,  when  quite  fresh, 
have  the  formula  IIjj  0^.  On  exposure  to  the  air 

they  rapidly  absorb  oxygen,  yielding  a considerable 
quantity  of  cinnamic  acid. 

Derosne  and  Laugier,  in  France ; of  Pistorius,  in 
Germany;  St.  Marc’s  is  also  used  in  the  distillation 
of  wine.  With  these  stills,  the  spirit  comes  over  of  any 
requisite  strength,  up  to  the  strongest  spirit  of  wine; 
but  when  the  ordinary  stiU  is  employed,  the  receiver  is 
changed  when  the  vapor  arising  from  the  holier  only 
feebly  ignites,  and  the  eau-de-vie-seconde,  or  repasse,  is 
collected  by  itself,  till  the  whole  of  the  alcohol  in  the 
wine  has  been  exhausted.  The  liquid  remaining  in  the 
still  is  called  vinasse. 

The  campaign.,  or  distilling  season,  in  France,  is  from 
the  beginning  of  October  to  the  end  of  May. 

The  following  is  an  average  of  the  yield  of  brandy 
which  some  of  the  wines  afford  by  distillation : — 

It  occurs  to  the  Editor  that  most  of  the  roots  or  seeds 

have,  so  far  as  their  oils  or  essences  are  concerned,  very 
analogous  properties ; and  since  their  virtue  in  distilla- 
tion with  the  spirit  is  to  communicate  their  oily  or 
fragrant  principle,  why  not  add  a few  drops  of  each  of 

1000  Litres  of  wine  of  St.  Gilles,  in  the  environs  of 

Montpellier,  afford  of  3/6  brandy, 150  litres. 

“ “ of  good  wine  of  calcareous  soils, 140  “ 

“ “ of  wines  of  fertile  soils  near  Montiiellier,  100  “ 

“ “ of  wines  of  soils  producing  much  grapes,  100  “ 

i 

the  oils  at  once  to  the  pure  spirit,  to  procure  the  desired 

The  brandy,  as  sold  in  France,  is  generally  of  two 

liquor,  and  by  this  means  obviate  the  necessity  of  dis- 

degrees  of  gravity;  these  strengths  are  thus  designated 

tilling,  and  the  risk  of  injury  to  the  stills  by  the  mixtures 

— d preuve  de  Holland,  and  d preuve  d'huile;  the 

mentioned,  which  appear  to  have  no  atomic  rule  lor 

former  varies  from  18°  to  20°  of  Beaumd.  The  stronger 

their  basis? 

liquids  are  valued  according  to  the  quantity  of  eau  de 

Brandy. — Tins  alcoholic  liquor  forms  an  extensive 

vie,  or  hrandy  d preuve  de  Holland,  that  a given  quau- 
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tity  will  furnish  on  the  addition  of  the  proper  proportion 
of  water.  These  strengths  are  usually  twelve,  namely, 
five-six,  four-five,  three-four,  two-three,  three-five,  four- 
seven,  five-nine,  six-eleven,  three-six,  three-seven,  three- 
eight,  and  three-nine,  but  the  last  is  rarely  made.  The 
meaning  of  these  strengths  is  rmderstood  in  the  follow- 
ing sense : — if  a spirit  be  five-six,  five  parts  of  the  spirit 
will  give  a liquor  a preuve  de  Holland,  when  added  to 
six  measures  of  water;  if  three-six,  three  measures 
when  added  to  six  of  water  will  yield  a spirit  of  the 
same  standard,  and  so  of  the  remainder. 

The  spirit  five-six  strength  is  of  a specific  gravity 
0'9237,  or  22°  Beaum^;  but  aU  the  other  strengths  are 
subject  to  variation  on  account  of  the  uncertainty  of 
the  strength  a preuve  de  Holland,  as  before  sho^vn. 
Wines,  when  distilled  carefully  from  a clean  apparatus, 
jdeld  a distillate  which  is  colorless  or  nearly  so,  and  when 
it  is  wished  to  retain  it  in  this  state,  vessels  of  glass 
or  stoneware  are  employed.  After  being  put  in  casks 
and  left  in  them,  the  clear  liquor  acquires  a httle  color 
by  extracting  the  soluble  matters  of  the  wood ; the  flavor, 
however,  is  not  materially  affected  if  the  casks  be  not 
newly  made ; when  new  casks  are  used,  the  tannic 
acid  of  the  wood,  which  is  generally  oak,  communicates 
a deep  color  and  astringency  of  taste  which  is  quite 
foreign  to  the  brandy. 

The  brandy  from  different  localities,  and  even  from 
a different  variety  of  grape  grown  on  the  same  place, 
possesses,  as  already  remarked,  an  aroma  characteristic 
of  the  wine  whence  it  is  obtained,  and  which  is  readily 
perceptible  to  those  well  versed  in  the  trade.  An  ex- 
perienced taster  will  readily  distinguish  the  brandies 
of  Languedoc,  Bordeaux,  Armagnac,  Cognac,  Aunis, 
Rochelle,  Orleans,  Barcelona,  Naples,  et  cetera;  further, 
he  can  say  from  what  species  of  fruit  it  is  derived; 
and  he  will  also  discern  minute  shades  of  difference  in 
the  qualities  of  various  brandies  from  the  same  source. 
Real  cognac  is  obtained  from  the  distillation  of  the 
choicest  wines,  every  regard  being  paid  to  the  proper 
degree  of  cleanliness  which  should  be  observed  in  the 
various  utensils  through  which  it  has  to  pass.  In  the 
improved  forms  of  stiU  a very  superior  article  is  obtained 
from  inferior  wines,  but  the  proportion  of  essential  oils 
in  such  wines  divests  the  brandy  of  that  aromatic  flavor 
which  is  an  inherent  property  in  the  better  sort  of  wine, 
and  which  is  observable  in  a very  distinct  degree  in 
the  brandies  procured  from  them. 

An  inferior  variety  of  brandy,  or  eau  de  vie  de  Marcs, 
is  obtained  by  distilling  the  dark-red  wines  of  Portugal, 
Spain,  and  other  wine-growing  countries,  the  hes  de- 
posited by  wines  on  keeping,  the  marcs  or  refuse  of 
the  grapes  from  the  vine-press,  the  scrapings  of  wine 
casks,  et  cetera. 

Distillation  is  carried  on  in  the  ordinary  way,  but  as 
the  flavor  is  not  so  much  regarded,  the  spirit  is  drawn 
off  rapidly,  and  at  a high  temperature.  The  marcs 
from  the  vine-press  are  prepared  for  the  purpose  of 
distillation  by  breaking  the  cakes  up  into  pieces,  and 
throvdng  them  into  water.  , A temperature  of  70°  to 
80°  Fahr.  is  kept  up,  and  in  the  course  of  a short 
time  fermentation  sets  in;  when  this  has  ceased,  the 
solution  is  racked  off  and  distilled.  The  first  distillate 
has  a whitish  color,  and  is  called  hlanquette,  but  this 


on  redistillation  yields  a spirit  of  22°  or  24°  Beaumd. 
One  pound  of  brandy  is  produced  from  eighty-five  to 
ninety  pounds  of  cake. 

The  fermentation  of  the  cakes  is  sometimes  effected 
in  large  pits,  where  they  are  covered  with  earth.  The 
progress  of  fermentation  is  known  by  thrusting  the  hand 
into  the  heap.  When  the  temperature  decreases,  the 
fermentation  is  said  to  be  finished ; the  contents  are  then 
taken  out,  water  in  proper  quantity  added,  and  distilled. 
By  this  process  a hundred  pounds  of  marcs  yield  one 
pound  of  brandy.  When  such  hquors  are  distilled,  the 
sedimentary  matter  subsides,  and  is  apt  to  carbonize  on 
the  bottom  of  the  copper  stiU,  and  thus  communicates 
a smoky  flavor  to  the  distilled  liquor,  in  addition  to  a 
hot  fiery  taste  proceeding  from  the  essential  oil — fusel 
oil  or  amyhc  alcohol — of  the  skin  of  the  fruit.  Auber- 
GiER  has  proved  that  a few  drops  of  this  energetic  com- 
poimd  are  sufficient  to  taint  a pipe  of  one  hundred  and 
thirty-three  gallons  of  pure  spirit.  In  some  distilleries 
the  apparatus  is  furnished  with  agitators  to  keep  the  con- 
tents in  motion.  Other  manufacturers  insert  into  the 
body  of  tlie  still  a basket  to  retain  the  sediment  accom- 
panying the  fermented  liquor,  and  thus  contact  with 
the  lower  part  of  the  still  is  prevented.  M.  Reboul’s 
process  is  to  inject  steam  from  a boiler  into  the  stUl  by 
means  of  a coil  of  piping.  The  stills  in  this  case  are 
large  wooden  boxes,  to  which  worms  are  adapted  in  the 
usual  way,  and  the  whole  of  the  alcohol  is  driven  over 
by  steam  heat.  M.  Curandau’s  apparatus  consists  of 
a still,  the  neck  of  which  is  as  wide  as  the  body,  and 
tlmee  feet  in  height;  brackets  are  placed  at  the  distance 
of  nine  inches  in  the  neck  of  the  still,  which  support 
several  partitions ; these  are  provided  with  short  pipes, 
pierced  with  holes,  to  allow  the  vapors  to  circulate  freely 
from  the  body  of  the  stiff.  The  neck  being  affixed, 
and  the  first  partition  introduced,  wine  lies  are  poured 
in,  which  are  filtered  by  the  perforated  partition;  then 
the  second,  and  a further  quantity  of  lies,  and  so  on 
tffl  all  the  partitions  are  inserted  and  the  lies  are  abont 
six  inches  thick  on  each. 

If  the  liquid  drained  from  the  marcs  or  lies  be  not 
sufficient  to  fill  the  stiff,  water  is  added  to  make  up  the 
proper  quantity.  Heat  is  then  applied,  and  the  steam, 
as  it  passes  off',  expels  the  last  portions  of  spirit  from 
the  solid  particles  retained  by  the  partitions  in  the  neck 
of  the  stiff.  Most  of  the  inferior  kinds  of  brandy  con- 
tain an  acid  which  partly  unites  with  the  oil  from  the 
grapes,  rendering  the  taste  of  the  spirit  unpleasant; 
agitation  with  a little  quicklime  has  been  recommended, 
which  not  only  removes  the  acid,  but  also  the  oil  in  a 
great  degree.  The  matter  left  in  the  still  when  dried 
and  burned,  yields  an  alkaline  carbonate,  which  is  often 
preferred  to  potassa,  or  the  commercial  article,  in  dye- 
ing operations. 

Spirits  of  this  class  are  used  by  the  lower  order  of 
people  in  France,  but  on  account  of  their  hot  fiery  taste, 
they  are  often  preferred  in  England  and  other  Nor- 
thern countries  to  a more  genial  produce.  Cognac  and 
Armagnac  brandies  contain  about  half  their  weight  of 
water,  and  owe  their  fragrancy  to  the  smaller  amount 
and  less  disagreeable  nature  of  their  fusel  oil,  so  that 
the  aroma,  indigenous  to  the  wine,  is  readily  perceptible 
in  their  odor  and  taste. 
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Enanthic  ether  is  another  constituent  which  imparts 

followed  by  the  rectifier  is  somewhat  different,  as  will 

a nice  aroma  to  wines,  and  passes  into  the  hrandy. 

be  seen  from  the  subsequent  few  examples,  which  are 

Pelouze  first  proved  this  odorous  principle  of  wine  to 

transcribed  from  the  private  work-book  of  a very  ex- 

be  a compoimd  ether.  Mulder  detected  the  same  in 

tensive  rectifying  distiller.  The  source  is  generally  the 

the  oil  of  grainrspirit,  and  in  other  fermented  liquors, 

common  low  Munes  of  the  grain  distillers,  which  are 

and  it  is  from  this  that  quinces  derive  their  distinctive 

rectified  in  the  usual  way,  by  distillation  with  caustic 

perfume.  The  specific  gravity  of  this  ether  is  0’86217, 

salts,  as  has  been  already  described. 

and  its  composition  the  following : — 

To  every  five  himdred  gallons  of  this  spirit,  about 

twenty-five  gallons  of  the  best  Fr-ench  wine-vinegar 

A4omie  t ■ ’ s 

weight  Theory.  Pelouze.  Muspratt. 

18  Eqs.  Carbon, 108  . . 72  ...  72-020  ..  72-006 

18  Eqs.  Hydrogen,..  18  . . 12  . . 12-050  ...  12-103 

3 Eqs.  Oxygen, 24..  16..  15-930..  15-891 

1 Eq.  Enanthic  ether,  150  . . 100  . . 100-000  . . 100-000 

Or— 

are  added,  and  the  whole  well  rummaged  in  the 
mixing-hack;  the  mixtui-e  is  then  pumped  into  the 
still,  and  a further  quantity  of  a weaker  spirit  run 
into  fee  hack,  in  order  to  clear  it  of  the  last  traces  of 
vinegar — this  liquor  is  also  pumped  into  the  still  to 
make  up.  From  fifty-six  to  sixty  pounds  of  coarse- 
grained common  salt  are  now  mixed  with  the  liquid  in 

Atomic  weight  Per  cent 

1 Eq..  Ether, 37 24-66 

the  still,  together  with  from  eight  to  ten  pounds  of  con- 

1 Eq.  Acid,  i 113  ....  75-34 

centrated  sulphuric  acid,  keeping  the  whole  in  brisk 

150  100-00 

motion  during  the  addition  of  the  latter,  to  protect 
the  stiU  from  the  action  of  the  acid.  The  fire  is  then 

In  cognac,  et  cetera,  it  is  probable  that  the  aromatic 

lighted,  and  the  still  brought  down  and  worked  till 

portion  condenses  sooner  than  a strong  spiritous  fluid. 

the  spirit  shows  a strength  of  fourteen  over  proof,  or 

for  the  first  sorts  are  only  distilled  to  fee  spec.  grav. 

one-to-seven.  It  is  customary  to  turn  off  into  the 

0'922 ; and  by  redistilling  to  obtain  a stronger  alcoholic 

faints-hack  at  a lower  degree  of  strength,  and  collect 

hquid,  much  of  fee  aroma  remains  in  the  residuary 

the  remaining  quantity  of  faints ; in  such  a case,  how- 

matter  of  fee  alembic. 

ever,  the  quality  of  the  spirit  is  not  so  good.  From 

The  effect  of  heat  on  several  of  the  substances  con- 

every  five  hundred  gallons  of  the  charging,  five  hundred 

tabled  in  wines,  merits  the  attention  of  the  distiller. 

to  five  hundred  and  ten  gallons  of  spirit,  marking  forty- 

A little  too  high  a temperature  might  destroy  a whole 

two  per  cent,  over  proof,  are  obtained.  This  is  mixed 

distillate,  as  empyreumatic  and  other  products  would 

with  from  four  hundred  to  four  hundred  and  fifty  gallons 

be  generated.  When,  to  save  expense  in  carriage. 

of  liquor,  and  pumped  into  the  British  brandy  store-vat. 

the  spirit  is  rectified  to  a much  higher  degree  than 

Twenty  to  twenty-five  gallons  of  fruit  tincture,  fifteen 

the  above,  the  dealer,  on  receiving  it  at  Paris,  re- 

gallons  of  brandy  flavor,-  and  eight  to  ten  gallons  of 

duces  it  to-  the  market  proof  strength  by  fee  addi- 

good  coloring,  are  then  introduced  into  the  piece,  the 

tion  of  water  or  of  a little  fragrant  weak  brandy;  but 

whole  weU  rummaged,  anddeft  to  fine.  It  is  considered 

in  this  manner  the  hiandy  produced  is  not  equal  to 

an  improvement  to  fine  wife  skimmed  milk.  Some 

feat  derived  from  the  distillation  of  Cognac  wine,  at 

distillers  prefer  to  introduce  distilled  vinegar  in  the  pro- 

an  bicipient  heat.  This  may  be  readily  proved  by 

portion  of  fifteen  to  twenty  gallons  to  a thousand  gallons 

submitting  to  distillation,  with  every  precaution,  brandy 

of  the  compounded  liquor  in  fee  store  cask,  instead  of 

of  a superior  quality;  if  the  resulting  spirit  he  then 

adding  it  previous  to  distillation,  as  before  mentioned. 

brought  down  to  the  ordinary  strength  with  water,  it 

Another  receipt,  which  is  followed  for  the  most  part 

will  he  plainly  perceived  that  the  liquid  has  been 

in  the  distillery  from  which  these  details  were  obtained. 

considerably  deteriorated  by  the  operation.  Genuine 

using  a multiple  of  the  numbers,  is  next  given. 

French  brandy  evinces  a red  reaction  with  htmus 

Three  hundred  g.allons  of  proof  spirit  are  distilled 

paper,  owing  to  a minute  portion  of  acid ; it  also  con- 

with  the  proper  addition  of  caustic  salts,  taking  all  the 

tains  an  ether,  and,  when-  kept  for  a considerable  period 

precautions  mentioned  in  the  preceding,  under  Rectifi- 

in  casks,  it  acquires  an  astringency  which  impairs  its 

CATION  OF  Spirits,  and  the  distillate  is  received  into  the 

quality. 

spirit-back  till  it  runs  at  ten  over  proof.  The  remaining 

The  brandy  sold  in  England  is,  for  the  most  part,  arti- 

spirit  is  turned  into  the  faints-hack,  and  is  then  made 

ficial — the  fabrication  of  the  rectifying  distiller.  The 

up  with  four  hundred  and  fifty  gallons  of  spirit,  twenty- 

following  receipt  is  given  by  Dr.  Ure  : — Dilute  the  pure 

two  under  proof,  twenty  gallons  of  prune  tincture,  twenty 

alcohol  to  the  proof  pitch,  and  add  to  every  hundred 

gallons  of  distilled  vinegar,  and  eight  gallons  of  good 

pounds  weight  of  it  from  half  a pound  to  a pound  of  argol 

coloring  matter. 

— crude  winestone — dissolved  in  water,  some  bruised 

When  flavored  faints  are  cleansed,  charcoal  is  em- 

French  plums,  and  a quart  of  good  cognac.  Distil  this 

ployed  in  the  rectification  with  sulphuric  acid. 

mixture  over  a gentle  fire,  in  an  alembic  provided  with 

Raspberry  Brandy. — In  manufacturing  raspberrj 

an  agitator.  The  addition  of  brandy  and  argol  introduces 

brandy,  the  subjoined  is  the  process: — For  one  thousand 

enanthic  ether,  and  if  a little  acetie  ether  be  added  to  the 

gallons  of  the  brandy,  take 

distillate,  the  whole  imparts  the  peculiar  taste  of  genuine 
cognac  hrandy ; color  with  burned  sugar,  if  necessary, 
and  add  a little  tannic  acid  to  impart  astringency. 

460  gallons  of  raspberry  tincture, 

115  gallons  of  cherry  tincture, 

240  gallons  of  sweets, 

96  gallons  of  British  brandy,  22  U.P. 

An  example  is  here  given,  on  the  small  scale,  for  the 

89  gallons  of  liquor ; 

artificial  formation  of  this  beverage;  but  the  course 

rummage  the  whole  well,  and  force  or  fine  wife  isinglass. 
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Cherry  Brandy. — For  the  fabrication  of  one  thousand 
gallons,  take 

575  gallons  of  cherry  tincture, 

253  gallons  of  sweets, 

92  gallons  of  British  brandy  22  U.P.,  and 
80  gallons  of  liquor , 

the  whole  to  be  well  agitated  in  brandy-piece,  and 
forced  with  isinglass. 

Kaspberry  tincture  is  made  as  follows: — Take  a 
brandy-piece  with  head  out,  and  screen  over  the  cock ; 
put  in  fifty  gallons  of  clean  rectified  spirit  of  twenty- 
two  under  proof,  then  fill  the  cask  with  raspberries.  In  j 
three  weeks  or  a month,  draw  off  the  whole  of  the  tinc- 
ture into  a clean  cask,  and  add  to  the  fruit,  a second 
time,  twenty-five  gallons  of  spirit  of  twenty-two  under , 
proof ; let  this  remain  upon  the  raspberries  a month 
longer,  and  then  draw  this  off,  and  add  it  to  the  first 
tincture ; after  which  the  whole  of  the  tincture  remain- 
ing in  the  fruit  is  to  be  pressed  out  and  added  to  that ' 
already  obtained.  The  cake  is  then  broken  up  and 
steeped  in  a rum  puncheon  with  the  head  out,  forty 
gallons  of  spirits  are  added,  the  whole  contents  briskly 
agitated  from  time  to  time  for  three  or  four  days,  and 
pressed  well  after  drawing  off  the  solution.  This  liquor 
is  employed  in  making  up  the  raspberry  brandy  instead 
of  water. 

Cherry  tincture  is  made  in  the  same  manner  as  the ; 
raspberry,  by  substituting  the  one  fruit  for  the  other. 

For  prune  tincture  cover  fifty-six  pounds  of  prunes, 
thoroughly  broken  up,  with  twenty  gallons  of  clean : 
spirit  of  wine,  and  after  being  allowed  to  stand  for  eight : 
or  ten  days,  rack  off ; the  refuse  fruit  is  washed  twice 
with  liquor,  and  the  residue  is  then  thrown  away. 

Many  rectifiers  prepare  a brandy  flavor  as  follows : — 
To  one  hundred  gallons  spirit — olean  faints,  fifty-four  i 
over  proof — add 

100  gallons  of  good  strong  vinegar, 

4 gallons  of  spirit  of  nitre, 

in  a back,  and  mix  the  whole  thoroughly ; cover  closely, 
and  the  next  day  rim  it  into  the  still  with 

8 Ibs^  of  nitric  acid, 

10  lbs.  of  almond  cake, 

5 lbs.  of  orris  root,  and 
2 lbs.  of  lemon  peel  j 

work  the  still  slowly,  and  turn  off  at  proof  strength. 

In  making  up  brandy,  ten  per  cent,  of  the  above 
flavoring  is  employed,  but  more  or  less  may  be  used  to 
suit  the  taste  of  the  consumer. 

Brandy  is  distilled  in  Switzerland  from  the  refuse  of 
the  grapes  after  the  juice  is  pressed  out,  as  follows: — 
Large  casks  are  filled  with  the  skins,  which  are  squeezed 
as  compactly  as  possible,  and  are  covered  closely  to 
prevent  the  access  of  air;  fermentation  usually  com- 
mences in  about  three  days,  and  when  it  has  finished, 
which  requires  a considerable  time,  it  is  deemed  ready 
for  the  stm.  When  the  distillation  is  to  take  place, 
the  fermented  mass  is  mixed  with  a due  proportion  of 
water,  to  reduce  it  to  a proper  consistence  for  the 
action  of  the  fire,  which  is  moderately  applied  to  pre- 
vent empyreuma.  It  is  said  that  a vessel  containing 
thirty-two  cubic  feet  of  this  material  will  yield  ten 
gallons  of  pure  brandy. 

Rum. — Molasses  is  the  name  given  to  the  sirup  which 
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remains  after  the  crystallization  of  sugar;  it  is,  in  fact, 
the  mother  liquor  of  sugar.  This  shup,  diluted  with  a 
sufficient  quantity  of  water,  undergoes  the  vinous  fer- 
mentation, and  by  distillation  yields  a sphit,  called  in 
the  colonies  rum,  or  taffia;  the  name  given  to  it,  in 
the  Isle  of  France  and  Madagascar,  is  guildive.  This 
spirit  is  of  excellent  quality,  very  recherche  when  pre- 
pared with  proper  precaution,  and  particularly  relished 
when  it  is  very  old.  The  best  rum  is  that  which  is 
made  solely  from  molasses ; but  that,  in  the  fermenta- 
tion of  which  is  left  the  debris  of  the  sugar-cane,  froth, 
et  cetera,  always  retains  a sharp  disagreeable  acid,  and 
frequently  acquires  an  empyreuma,  on  which  account  it  is 
given  to  the  negroes  who  work  in  the  sugar-houses,  and 
is  consequently  called  negro  rum.  In  the  fermented 
liquor  from  which  the  rum  is  distilled,  acetic  acid  some- 
times exists  in  large  quantities,  accompanying  the 
ardent  spirit,  without  forming  ether;  but  it  is  the  nature 
of  this  acid  to  produce,  in  the  heat  and  vapor  of  distil- 
lation, a certain  portion  of  strong  spirit  containing  acetic 
ether,  which,  from  its  extreme  volatility,  rises  in  the 
first  process  of  distillation,  giving  to  the  vapor  a most 
disagreeable  taste  and  smell ; hence  the  colonial  saying, 
that  the  rum  becomes  too  hot  if  rectified  like  the  Euro- 
pean spirits.  The  cause  of  this  is  easily  explained : the 
rectified  spirit  only  forms  a part  of  the  charge  of  the 
still,  and  contains,  nevertheless,  all  the  acetic  ether. 
The  skilfid  fabricators,  who  pride  themselves  on  making 
these  strong  sphlts  most  agreeable  to  the  taste,  take 
great  care  in  cleaning  the  keeves  from  all  kinds  of 
vegetal  matter  or  refuse  incapable  of  producing  vinous 
fermentation,  or  such  substances  as  have  a tendency 
to  putrefy,  because  the  putrescent  matter  retards  the 
action,  and  gives  a savor  which  is  communicated  to 
the  distilled  spirit.  The  Chinese,  who  prepare  the 
famous  arrack  of  Batavia,  which,  without  contradic- 
tion, is  the  best  of  all  rums,  take  much  care  in  rectify- 
ing it,  mixing  with  it  during  distillation  a composition 
called  ragie,  in  which  is  cinnamon  and  anise-seed,  in 
such  proportion  as  not  to  be  perceived  either  by  smell  or 
taste,  being  only  sufficient  to  do  away  with  the  other- 
wise nauseous  odor  of  the  liquor.  The  Madagascars 
throw  in  leaves  of  trefoil  The  Asiatics  mix  with  it  the 
bark  of  a kind  of  thorny  acacia,  called  pattay.  Some 
persons  put  into  the  stfll,  with  the  grape,  the  leaves 
of  a tree  named  attier  in  the  East  Indies,  and  pommier 
cannelle  at  St.  Domingo — cenona  squammosa — which 
have  a light  agreeable  odor.  Others  have  tried,  with 
success,  the  mixture  of  peach  leaves.  AU  these  sub- 
stances impart  to  strong  liquors  a pleasant  bouquet  and 
taste,  which  prove  that  they  are  used  to  disguise  the 
smell  of  the  spirit,  and  to  give  it  unctuousness. 

The  chief  seats  of  the  distillation  of  this  spirit  are 
the  East  and  West  Indies,  America,  and  France.  It  is 
strange  that  the  Chinese,  who  produce  so  much  sugar 
annually,  and  who,  consequently,  might  manufacture 
large  quantities  of  rum  from  molasses,  have  not  hitherto 
attempted  to  distil  this  article. 

The  Editor  transcribes  the  following  account  of  the 
fabrication  of  this  spirit  in  the  West  Indies,  from  Moke- 
wood: — 

From  the  liquor  of  the  cane,  which  runs  warm  from 
the  coppers  through  a trough  to  a receiver  prepared  for 
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that  purpose,  the  skimmings  are  taken,  and,  with  some 
of  the  liquor  itself,  are  pumped  from  a cistern  contain- 
ing from  three  hundred  to  eight  hundred  gallons,  when 
the  fluid  is  mixed  with  water  and  molasses  in  the  pro- 
portion of  twenty-five  gallons  to  one  hundred.  If  this 
mixture  be  sufficiently  blended  together  in  the  vats, 
which  in  some  plantations  amount  to  thirty,  it  is  covered 
over  with  boards  or  mats  of  plantain  leaves,  and  allowed 
to  ferment  for  three  or  four  days,  or  longer,  should 
there  be  a want  of  yeast  or  other  ferment  to  make  it 
work,  which  often  occurs  at  the  commencement  of  the 
season.  When  reduced  to  a due  degree  of  acidity, 
which  is  ascertained  by  the  subsidence  of  the  fermenta- 
tion, it  is  run  into  a still  proportioned  to  the  vat,  and 
wrought  off  as  low-wines,  in  which  state  it  is  put  into 
the  still  again.  The  first  run,  or  discharge,  after  it  is 
thus  returned  to  the  stfll,  is  taken  ofif  for  high-Vfines,  as 
they  are  termed,  or  strong  rum,  in  the  proportion  of  25 
to  300  gallons,  the  strength  of  which,  when  tried  by  a 
glass-bead  instrument,  is  from  18°  to  22°.  The  second 
run  of  the  stUl,  which  is  drawn  off  in  cans,  and  carried 
by  negroes  to  another  vessel,  is  of  a strength  from  23° 
to  26°.  From  these  two  runnings  of  the  stOl,  the  rum 
exported  from  the  colony  of  Demerara  is  made  up.  Any 
deficiency  in  the  strength  of  the  second  distillation  is 
compensated  by  an  addition  from  the  first,  which  is 
always  stronger  than  that  exported,  and  of  too  ardent 
a nature  to  be  used  by  itself,  25°  being  colony  proof. 

In  the  Wmdward  Islands,  one-third  of  the  skimmings 
is  mixed  with  one-third  of  the  lies,  and  one-third  of 
water.  When  these  begin  to  ferment,  which  they  usually 
do  in  twenty-four  hours,  the  first  mixture  of  molasses 
takes  place  in  the  proportion  of  six  gallons  for  every 
hundred  gallons  of  the  fermenting  liquor,  and  a day  or 
two  afterwards  an  additional  quantity  of  molasses  is 
added.  The  fermentation  is  tempered  by  the  addition 
of  cold  or  warm  water.  Dunder,  a term  unfamiliar  to 
the  ear  of  a European  distiller,  is  the  lies  or  feculencies 
of  former  distillations,  serving  aU  the  purposes  of  yeast 
in  the  fermentation.  It  is  derived  from  a Spanish  word, 
redunder,  the  same  as  redundans  in  Latin,  and  is  well 
known  among  the  planters  in  the  West  Indies.  The 
attenuating  properties  of  this  ferment  are  such,  that 
the  materials  with  which  it  is  mixed  are  said  to  yield 
a much  greater  proportion  of  spirit  than  could  be  ob- 
tained if  they  were  fermented  without  it ; it  serves  the 
same  purpose  as  jalap  mixed  with  molasses,  which  has 
been  sometimes  employed  in  Great  Britain  for  cutting 
down  the  frothy  head  at  the  close  of  fermentation ; 
and  it  is  usually  preserved  from  one  year  to  another 
for  this  purpose,  in  such  large  quantities  as  to  fill  most 
of  the  backs  or  fermenting  tuns.  Dunder  soon  becomes 
covered  with  so  thick  a film  as  to  exclude  the  air,  and 
the  sediment  leaves  the  intermediate  fluid  pure,  of  a 
bright  amber  color,  which,  when  carefully  drawn  off, 
is  employed  as  already  described,  in  proportions  suited 
to  the  nature  of  the  fermentation ; to  this  dunder  may 
be  attributed  the  best  flavor  of  the  rum.  Besides  this 
very  essential  ingredient,  various  mixtures  are  used 
in  the  fermenting  process,  such  as  tartar,  nitre,  sea- 
water, or  common  salt. 

In  well-conducted  distilleries,  much  attention  is  paid 
to  the  management  of  the  proper  quantity  of  water  em- 


ployed in  the  preparation  of  the  liquor.  Before  com- 
mencing, the  various  boilers  and  keeves  are  thoroughly 
washed  and  freed  from  saline  matter,  by  hot  or  cold 
water. 

In  the  beginning  of  the  distilling  season,  more  sugar 
is  employed  than  is  afterwards  found  requisite;  the 
reason  of  this  is,  that  the  distiller  has  no  good  lies,  and 
‘ very  little  molasses  to  add  to  the  mass ; besides,  the 
scum  or  froth  from  the  sugar  is  not  so  rich  from  the 
first  boUing  of  the  season  as  in  the  months  of  March, 
April,  and  May,  which  is  the  most  favorable  time.  The 
following  proportions  succeed  well  at  starting: — For 
every  one  hundred  and  thirty-six  gallons  content  of  the 
vat,  pour  in  sixty-one  gallons  of  scum,  seven  of  mo- 
lasses, and  sixty-eight  of  water.  When  the  lies  or 
dunder  are  good,  equal  quantities  of  slummings,  lies, 
and  water  are  employed,  and  for  every  hundred  gallons 
of  this  mixture,  ten  of  molasses  are  added.  Should  the 
pressing-miU  be  not  in  operation,  and  skimmings  cannot 
be  obtained,  it  is  found  advantageous  to  employ  equal 
parts  of  lies  and  water,  and  with  every  one  hundred 
and  thirty-six  gallons  of  the  compound,  twenty-seven 
of  molasses  are  mixed.  With  mixtures  such  as  these, 
the  distiller  can  obtain  from  ten  to-  fifteen  per  cent,  of 
rum,  and  other  products ; but  this  quantity  depends  very 
much  upon  the  quality  of  the  ingredients  operated  upon, 
as  also  upon  the  state  of  the  weather  and  time  of  dis- 
tillation; hence,  an  intelligent  distiller  varies  the  pro- 
portion of  the  bodies  submitted  to  fermentation. 

Rum  differs  from  what  is  tenned  sugar  spirit,  for  it 
contains  more  of  the  natural  aroma,  or  essential  oil  of 
the  sugar-cane.  When  the  West  India  distillers  have 
enough  of  matter,  they  mix  the  water  with  it,  and  allow 
it  to  ferment  in  the  ordinary  way;  the  fermentation 
proceeds  slowly  at  first,,  on  accoimt  of  the  scarcity  of 
the  yeast,  but  as  soon,  as  sufficient  ferment  has  been 
produced,  it  operates  quickly  on  the  whole  mass  till  the 
attenuation  is  finished.  This  liquid  is  then  distilled, 
and  produces  a spirit  of  great  strength,  nearly  equal  to 
alcohol,  which  they  name  double-distilled  rum,  or  double 
rum.  The  spirit  is  more  easily  concentrated  if  much 
liquid  be  submitted  to  distfilation,  but  in  the  course  of 
this  operation  it  jdelds  such  a large  amount  of  oily 
matter,  that  it  cannot  be  used  for  a considerable  time. 
For  preserving  the  rum,  either  for  exportation  or  other 
purposes,  it  is  found  useful  to  make  the  double  rum  so 
as  to  form  alcohol,  or  ardent  spirit.  In  this  state  it 
occupies  only  half  the  volume  of  the  ordinary  liquid, 
and  can  be  diluted  with  water  to  suit  the  taste  of  the 
consumer,  or  to  the  common  strength. 

The  stiU  for  the  most  part  used  in  those  islands,  and 
by  which  a great  saving  of  fuel  is  effected,  is  repre- 
sented in  the  annexed  engraving — Fig.  74.  It  consists 
of  two  distinct  parts : A is  the  boiler,  and  b the  vessel 
which  contains  the  fermented  wash,  to  be  heated  pre- 
vious to  its  introduction  into  the  stUl.  The  boiler  and 
preparer  are  placed  in  such  relative  positions,  that  the 
heat  of  the  fire,  after  doing  the  required  service  to 
A,  passes  under  the  vessel,  b,  and  thus  communicates 
heat  to  the  liquid.  The  plan  of  the  construction  is  seen 
in  Fig.  75,  where  the  arrows  show  the  course  of  the  flue 
under  both  these  vessels.  The  waste  heat  enters  the 
chimney  by  a damper-opening  at  the  back,  a is  tlie 
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Fig.  74. 


passage  from  the  fire  under  the  preparer;  5,  a hd 
screwed  firmly  on  the  vessel,  b,  which  resists  the  pres- 
sure of  any  vapor  generated 
in  this  vessel;  c,  a safety 
valve;  y,  the  chimney;  h, 
the  fire-door;  K,  the  tube 
which  canies  off  the  vapors 
to  the  condenser  attached  to 
+he  alembic,  which  communi- 
cates by  a pipe  not  shown, 
wdth  the  preparer, 

When  operations  com- 
mence, the  preparer  is  filled 
with  the  fermented  liquor, 
and  Hkewise  the  still,  to  a 
proper  height  .;  the  fii’e  is 
then  lighted,  and  the  liquid 
in  the  alembic  very  soon 
boUs,  and  that  contained  in 
the  preparer  at  the  same 
time  acquires  a temperature 
approaching  ehulhtion,  by  the  waste  heat  communicated 
from  the  flue  beneath  this  vessel.  As  soon  as  the  matter 
in  the  boiler  becomes  exhausted  of  its  alcohol,  the  fire 
is  slackened,  the  residuary  hquid  drawn  off  by  the  dis- 
charge-cock, and  the  boiler  replenished  by  opening  the 
stopcock  of  the  pipe  which  connects  the  alembic  and 
preparer.  The  fire  is  again  urged,  the  vessel,  b,  refilled 
with  fresh  liquor,  and  the  distillation  prpceeded  with, 
as  in  the  previous  instance. 


Fig.  75. 


Another  form  of  apparatus  used  by  the  West  Indians 
is  seen  in  the  engravings.  Figs.  76  and  77.  This  still, 
and  preparer,  difier  only 
shghtly  from  the  preceding.  76. 

A is  the  boiler,  B the  pre- 
parer.; and  the  mode  of  com- 
municating heat  to  the  latter 
is  seen  in  the  plan — Fig. 

77 — where  the  course  of  the 
heat  from  the  fire  is  indi- 
cated by  the  arrows,  tiU  it 
enters  the  circular  space  of 
brickwork  called  the  bonnet; 
from  this  it  traverses  the 
perpendicular  pipe,  c,  pass- 
ing through  the  middle  of 


the  preparer,  and  thence 
into  the  chimney,  d.  b is 
the  lid  of  the  preparer,  and 
d a pipe  that  connects  this  Fig.  77. 

vessel  with  the  boiler.  This 

arrangement  has  an  advantage  over  the  common  fur- 
nace, by  the  larger  proportion  of  heat  it  communicates 
to  the  boiler  on  account  of  the  winding  course  of  the 
flue,  and  any  extra  caloric  is  made  useful  in  heating  the 
hquor  in  the  vessel,  B. 

The  annexed  form  of  stfll — Fig.  78 — is  frequently 
exported  to  the  West  Indies.  It  consists  of  the  boiler, 
A,  with  an  elongated  conical  head,  d ; the  preparer,  B, 
into  which  the  wash  is  introduced  by  the  funnel- basin, 
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c ; and  the  condenser,  E,  where  the  spiritous  vapor  is 
liquefied  in  passing  through  the  numerous  convolutions 
of  the  worm,  a.  The  peculiarity  of  this  form  of  still 
consists  in  the  communication  of  the  pipe,  D,  with  the 
preparer,  b,  by  which  means  the  vapor  from  A is  par- 
tially condensed  in  the  preparer.  The  vapor  is  carried 
to  within  a few  inches  of  the  bottom  of  the  vessel,  B, 
as  shown  in  the  figure  by  the  dotted  continuation  of  D; 
the  liquor  in  B is  heated  by  the  aqueous  vapor  con- 
densed in  it,  as  well  as  by  the  spiritous  vapor  which 
passes  through  it  uncondensed  to  the  worm,  a.  By 
this  arrangement  fuel  is  economized,  and  a stronger 
spirit  is  procured  at  one  distOlation. 

In  some  of  the  islands,  a still  makes  about  two  hun- 
dred and  twenty  gallons  of  rum  daily;  these  are  pro- 
duced from  about  five  hundred  and  thirty  gallons  of  low 


wines,  or  a hundred  and  thirteen  of  rum  may  be  pro- 
cured from  twelve  hundred  gallons  of  wash.  This  liquor 
is  so  strong  that  olive  oil  will  sink  in  it,  and  by  one  rec- 
tification it  is  made  to  approach  the  strength  of  alcohol. 
The  process  of  distillation  is  in  general  slow,  and  much 
caution  is  observed  in  the  condensation  of  the  spirit.  To 
provide  against  a scarcity  of  water,  which  often  occurs  in 
the  islands,  they  preserve  in  large  tanks  a sufBciency  of 
rain-water  to  enable  them  to  mix  the  molasses,  et  cetera, 
and  to  cool  the  worm  of  the  still.  As  the  water  becomes 
heated  in  the  worm-tub,  it  is  carried  to  coolers  or 
cisterns,  and  when  cold  it  serves  again  for  refrigeration. 
In  most  of  the  islands,  the  curing-houses  for  sugar,  and 
the  distilleries  for  rum,  are  constructed  on  the  sides  of 
canals,  and  the  canes  carried  to  them  from  the  planta- 
tion, either  in  boats  or  by  negroes  Five  or  six  im- 
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mense  copper  boilers  are  kept  in  each  of  these  houses, 
and  the  greatest  cleanliness  is  observed  in  the  distillery ; 
a precaution  of  immense  importance,  which  must  con- 
tribute largely  to  the  strength  and  purity  of  the  rum. 
In  Jamaica,  the  operations  go  on  without  intermission ; 
the  negroes  being  formed  into  divisions  or  relays,  who 
relieve  each  other  at  regular  intervals.  The  richness  of 
flavor  peculiar  to  this  spirit,  and  which  has  rendered  it 
famous  in  all  parts  of  the  world,  is  undoubtedly  derived 
from  the  raw  juice  and  the  fragments  of  the  sugar- 
cane, which  are  mashed  and  fermented  with  the  other 
materials  in  the  tun.  The  essential  oil  of  the  cane  is 
thus  imparted  to  the  wash,  and  carried  over  in  the  dis- 
tillation; for  sugar,  when  fermented  and  distilled  by 
itself,  3nelds  a spirit  possessing  no  peculiar  flavor  dif- 
ferent from  other  ordinary  alcoholic  liquors.  Time  adds 
much  to  the  mildness  and  value  of  rum ; but  the  plan- 
ters, by  the  addition  of  pine-apple  juice,  impart  to  it 
the  virtue  which  is  conferred  by  age. 

A superior  quality  of  nun  is  manufactured  in  the 
colony  of  Demerara,  where,  according  to  the  account 
of  Bolingbroke,  dislOlation  has  been  carried  to  a high 
state  of  perfection  by  the  perseverance  and  skUl  of 
several  scientific  men,  who  have  caused  the  rum  of  this 
district,  and  that  of  Essequibo,  to  be  as  much  prized 
in  the  American  market  as  Jamaica  rum  is  relished 
in  England.  In  Brazil,  large  quantities  of  rum  are 
manufactured,  which  are  exported  to  America  and 
to  most  European  nations.  The  process  followed  is 
rude  and  simple.  The  wash  is  generally  fermented 
in  large  earthen  jars,  but  no  fixed  rules,  to  regulate 
the  quantity  of  molasses  which  should  be  operated 
upon,  are  observed.  A strong  lie  is  said  to  be  poured 
on  the  sirup,  in  order  to  thicken  and  purify  it.  The 
lie  is  obtained  by  burning  a plant  of  the  polygonum 
species,  called  by  the  Indians  cataya,  and  infusing 
the  ashes  m water.  This  plant  has  a bitter  pungent 
taste,  and  is  considered  of  use  in  making  rum.  The 
stills  are  mere  earthen  jars,  with  a long  narrow  neck, 
on  the  top  of  which  is  placed  a head  or  cap,  having  at 
one  side  a pipe  of  about  six  inches  long;  to  this  adapter 
a copper  tube,  four  feet  in  length,  is  connected,  which 
passes  through  an  earthen  vessel  sufficiently  large  to 
hold  a quantity  of  water  for  the  condensation  of  the 
spirit,  and  this  contrivance  is  made  to  answer  the  pur- 
pose of  both  worm  and  worm-tub. 

Until  lately,  it  was  a custom  vrith  the  planters  to  dis- 
pose of  their  molasses  to  small  distillers,  who,  possessing 
one  or  two  ot  these  stills,  procured  a living  by  making 
rtam;  but  the  introduction  of  copper  stUls  from  Europe 
has  produced  such  a reformation  in  distillation,  that  at 
present  the  whole  quantity  of  molasses  resulting  from 
the  sugar-houses  of  the  plantations  is  manufactured 
into  rum  by  the  proprietor. 

To  calculate  the  cost  of  rum  to  the  sugar  planter  is 
difficult : in  general,  it  is  estimated  that  one-fourth  of 
the  entire  produce  of  a plantation  may,  in  point  of  value, 
consist  of  rum,  and,  accordingly,  one-fourth  of  the  ex- 
penditure may  be  taken  as  the  first  cost  of  the  rum, 
and  the  remaining  three-fourths  as  that  of  the  sugar. 
Some  say  that  the  charge  of  making  rum  bears  a similar 
proportion  to  that  of  home-made  spirits,  but  this  is  an 
erroneous  assumption.  Bum  is  made  from  the  molasses. 


or  that  part  of  the  cane-juice  which  will  not  crystallize 
into  sugar,  as  also  from  the  scum  which  is  taken  off 
during  the  saccharific  process,  and  which  in  sweetness 
is  equal  to  one-fifth  of  molasses.  Take,  as  a stan- 
dard, a distillery  on  a plantation  producing  250  hogs- 
heads of  sugar,  yielding  15,000  gallons  of  molasses, 
and  scum  equal  to  5,000  gallons,  netting  in  all  20,000 
gallons  of  molasses.  These  would  produce  about  15,000 
gallons  of  proof  rum,  which,  when  brought  to  the 
British  market,  would  be  reduced  by  the  voyage  tc 
about  13,500  gallons,  the  average  loss  being  ten  per 
cent.  These  would  cost  the  manufacrizrer  throughout 
the  islands  from  Is.  Id.  to  Is.  4d.  per  gallon,  independent 
of  all  charges  for  pimcheons,  freight,  commission,  and 
other  imavoidable  expenses. 

From  this  statement,  it  must  appear  that  the  distiller 
of  rum  has  little  or  no  profit,  but  being  the  grower  of 
the  material,  and  having  his  capital  embarked  in  the 
trade,  he  is  compelled  to  manufacture  it  from  necessity, 
and  the  sooner  he  can  turn  the  article  to  account  the 
better  he  is  enabled  to  bear  loss  and  meet  his  engage- 
ments. 

In  France,  a large  quantity  of  spirit  is  annually 
manufactured  from  the  molasses  of  the  beet-root  sugar 
factories,  of  which  a great  many  exist  in  that  country. 
The  better  sort  of  molasses  remaining  after  the  refining 
of  the  sugar  of  the  colonies,  is  too  valuable  to  be  con- 
verted into  rum,  but  sometimes  the  inferior  article  is 
disposed  of  in  this  way.  On  the  arrival  of  the  molasses 
at  the  distillery,  they  are  emptied  into  large  cisterns 
perfectly  free  from  any  dampness  which  would  cause 
them  to  ferment,  and  here  they  remain  till  required  for  I 
use.  The  fermentation  of  molasses  presents  some  diffi- 
culties; they  must  be  properly  mixed  with  water,  in 
such  proportion  that  the  reszilting  liquid  will  not  ex- 
ceed 8°  of  Beaum^’s  areometer,  at  a temperature  of 
20°  C.  = 68°  Fahr.,  which  should  always  be  the  heat 
of  the  mixtiue.  When  too  little  water  is  used,  the 
fermentation  sets  in  too  rapidly,  the  temperature  be- 
comes higher,  and  the  acetous  fermentation  speedily 
ensues;  on  the  contrary,  when  too  much  water  is  em- 
ployed, the  fermentation  is  inactive  ; in  consequence  of 
the  low  temperature  a longer  time  is  required,  and 
generally  bad  results  follow.  These  inconveniences  can 
be  overcome  by  attention  to  the  directions  about  to  be 
given. 

It  sometimes  happens  that  the  fermentation  of  the  sac- 
charine solution  suddenly  ceases,  and  caimot  be  revived 
by  an  increase  of  temperature,  or  addition  of  a stronger 
solution  of  molasses.  This  phenomenon  is  owing  to  the 
presence  of  lime  and  potassa,  which  are  contained  in 
almost  aU  the  molasses  of  beet-root  sugar,  and,  in  conse- 
quence of  the  alkaline  reaction  imparted  by  these  sub- 
stances to  the  liquid,  the  conversion  of  the  sugar  into 
alcohol  is  interrupted.  This  antifermenting  property 
of  alkaline  bodies  is  very  easily  removed ; it  suffices  to 
add  a certain  quantity  of  sulphuric  acid  to  neutralize 
them  and  form  szilphates,  in  which  state  they  are  inert. 

A slight  excess  of  acid  might  be  employed,  without  pre- 
judice to  the  proper  degree  of  attenuation,  or  to  the 
taste  of  the  product;  for  the  molasses  always  contain 
salts  of  organic  acids,  with  potassa,  et  cetera,  which  ai'e 
decomposed  by  the  siflphuric  acid,  and  the  organic 
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acids  are  liberated.  The  sulphuric  acid  is  to  be  added 

where  the  stock  of  molasses  is  retained  until  required 

when  the  water  is  mixed  with  the  molasses,  and  may 

for  use ; the  fermentation-room,  which  occupies  another 

vary  in  amount  from  half  a per  cent,  of  the  weight 

compartment;  the  stills  a third;  and  the  store-room  for 

of  the  latter,  as  a minimum,  to  one  and  a half  per  cent. 

the  finished  spirit  a fourth. 

as  the  maximum  quantity.  The  molasses  being  com- 

Several  fermenting  tuns  are  furnished  of  a size  to 

minuted  with  the  water  and  acid,  so  that  the  solution 

correspond  with  the  quantity  of  wash  which  the  still  is 

stands  at  8°  of  the  areometer,  about  two  per  cent,  of 

capable  of  working  daily,  and  these  tuns  are  worked  in 

their  weight  of  fresh  barm,  pressed  and  previously 

rotation,  so  that  one  may  be  worked  off  and  ready  for 

diluted  with  water,  is  added ; the  liquid  is  then  strongly 

distillation  each  day ; by  this  means  the  fermented 

agitated,  and  left  to  ferment.  The  fermentation  is  made 

liquor  is  prevented  from  being  exposed  to  the  air,  and 

in  a number  of  tuns  whose  size  corresponds  with  that 

the  formation  of  acetic  acid  wholly  prevented. 

of  the  distilling  apparatus,  and  by  this  arrangement  the 

A side  view  of  the  apparatus,  as  it  appears  set  in 

distiller  is  enabled,  when  the  fermentation  in  one  tun  is 

brickwork,  is  seen  in  Fig.  79 ; A and  c are  sec- 

finished,  to  distil  the  contents  directly. 

tional  views  of  the  boilers  heated  by  the  fire,  c,  under 

The  fermented  wash  should  never  remain  longer 

A,  round  which  the  flue  passes ; thence  in  the  direc- 

than  twenty-four  hours  imtU  it  is  distilled.  From  this 

tion  of  the  arrows  round  the  second  boiler,  C,  in 

it  is  manifest,  that  the  distiller  should  be  furnished 

a similar  way,  and  afterwards  into  the  chimney ; G 

with  as  many  fermenting  vessels  as  will  permit  him  to 

is  the  rectifying  cylindrical  vessel,  and  E the  refri- 

have  the  contents  of  one  tun  daily  ready  for  distillation. 

gerator  where  the  spirit  is  condensed.  The  boiler.  A, 

and  one  ready  for  charging  each  day;  the  intermediate 

is  furnished  with  two  pipes ; one  of  these  is  for  dis- 

tuns  being  in  a higher  state  of  fermentation,  as  their  tiun 

charging  the  contents  when  all  the  alcohol  is  expelled. 

brings  them  nearer  the  proper  time  of  their  being  dis- 

and  is  furnished  \vith  a stopcock,/;  the  other  pipe,  iii, 

tilled.  All  the  tuns  should  be  well  covered,  to  prevent 

carries  off  the  generated  vapors  to  the  next  boiler,  c. 

the  contact  of  the  atmosphere,  and  the  acid  fermenta- 

where  it  terminates  in  a perforated  rose,  within  a short 

tion  taking  place. 

distance  of  the  bottom  of  the  vessel. 

If  molasses  be  fermented  and  distilled  merely  for  the 

A pipe  issuing  from  the  bottom  of  c,  and  furnished 

alcohol  which  they  yield,  the  preceding  directions  relative 

with  a stopcock,  j,  enters  the  first  boiler,  and  terminates 

to  the  proper  dilution  and  strength  upon  the  areometer 

like  the  pipe,  i,  in  a perforated  rose,  as  seen  at  k.  From 

answer  best;  some  distfilers,  however,  in  addition  to  the 

c,  the  pipes,  m,  n and  1,  rise ; m and  n are  connected 

alcohol,  extract  the  alkaline  salts,  chiefly  potassa,  and 

with  the  rectifying  apparatus  in  the  cylindrical  vessel. 

in  this  case  the  preceding  strength  of  8°  on  the  areo- 

G ; the  former  carries  off  the  vapors  generated  in  c,  and 

meter  would  offer  an  inconvenience,  inasmuch  as  a 

the  latter  returns  the  liquid  condensed  in  this  vessel 

large  amount  of  fuel  would  be  consumed  in  evaporating 

into  the  boiler.  The  pipe,  1,  serves  to  charge  the 

the  residuary  hquid  after  the  alcohol  was  expelled.  To 

boiler,  c,  from  the  rectifying  apparatus.  Two  pipes,  o o 

prevent  such  expenses  for  combustibles,  an  investiga- 

and  L,  unite  the  rectifier  and  the  condenser ; the  former 

tion  was  instituted  to  find  out  a means  for  ferment- 

conducts  the  imcondensed  vapors  from  the  rectifier  to 

ing  the  saccharine  wash  at  a greater  density  than  8°, 

the  worm  in  the  refrigerator,  and  the  latter  serves  to 

and  the  endeavor  turned  out  successful.  The  high 

replenish  the  vessel,  G,  with  liquor  from  the  refrigerator. 

density  is  14°  of  the  areometer,  and,  in  order  to  ferment 

The  pipe,  L,  descends  to  within  a short  distance  of  the 

such  a solution  without  its  passing  to  the  acid  fermenta- 

bottom  of  G,  so  as  to  have  the  colder  liquid  issuing  in 

tion,  the  following  mode  is  adopted; — When  a sweet 

contact  with  the  pipes  which  contain  the  warmer  vapors. 

wash  of  14°  B.  is  set  to  ferment,  the  temperature  of  the 

Another  pipe,^,  emerging  from  the  cover  of  the  rectify- 

liquid  rises  to  30°  C.  = 86°  Fahr.  in  twenty-four  hours. 

ing  vessel,  conducts  any  vapor  generated  by  the  con- 

at  which  degree  the  alcohol  is  readily  transformed  into 

densation  in  part  of  the  distilled  products  of  the  boilers. 

acetic  acid.  To  oppose  the  formation  of  acetic  acid. 

A and  C,  to  the  condenser.  The  refrigerator  is  filled 

from  the  high  temperature  already  mentioned,  it  is 

through  the  funnel  tube,  t,  from  the  tank,  v,  by  means  of 

necessary,  as  soon  as  the  liquid  marks  27°  C.  or  76'6° 

the  pipe  and  stopcock,  u.  The  manner  of  working  the 

Fahr.,  to  divide  it  into  two  equal  portions,  and  add  to 

still  is  simple : — Liquor  is  allowed  to  enter  the  funnel 

each  half  as  much  molasses  of  14°  strength  as  it 

tube,  t,  imtil  it  begins  to  flow  down  the  pipe,  1 1,  into  the 

already  contains.  Previous  to  mixing  the  second  por- 

boiler,  c ; and  as  soon  as  this  is  observed,  the  stopcock,/ 

tion  of  molasses  with  the  fermenting  liquor,  they  should 

is  opened,  and  the  liquor  admitted  into  the  first  boiler, 

be  well  agitated  with  two  per  cent,  of  their  weight  of 

until  it  rises  a few  inches  above  the  rose,  k,  as  shown 

barm.  Fermentation  is  now  allowed  to  proceed  without 

by  the  glass  gage,  g g;  the  stopcock,  / is  shut,  and  the 

apprehension  of  the  temperature  rising  so  high  as  to 

hquor  allowed  to  flow  into  c,  until  it  rises  above  the 

favor  the  acetous  fermentation  in  the  liquor. 

end  of  the  pipe,  1 1,  which  emerges  into  the  liquor ; tliis 

M.  Laugier’s  apparatus,  which  will  be  subse- 

is  shown  by  another  gage  pipe,  g' g',  attached  to  c. 

quently  described,  is  expressly  adapted  for  the  distilla- 

The  stopcock,  u,  is  now  closed,  and  the  fire  urged  under 

tion  of  fermented  saccharine  liquors,  but  wine  or  malt 

the  first  boiler,  the  contents  of  which  very  soon  boil. 

wash  may  also  be  distilled  in  it.  It  works  upon  the 

and  are  partly  converted  into  vapor,  which  is  emitted 

same  principle  as  Derosnes’  still,  under  a simpler  con- 

to  the  next  boiler  through  the  pipe,  i i.  By  means 

struction.  In  France,  where  considerable  quantities  of 

of  the  caloric  abstracted  from  the  vapor  in  passing 

molasses  are  converted  into  rum,  and  this  apparatus  is 

through  the  liquid,  and  the  heat  communicated  to  the 

in  operation,  the  distillery  is  divided  into  the  store-room, 

boiler  by  the  flue  which  circulates  round  c,  the  contents 
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of  this  vessel  are  also  made  to  boil,  and,  like  those  of  A, 

peculiar  arrangement  of  pipes — to  be  explained  further 

are  partly  vaporized;  the  vapor  is  forced  through  the 

on — the  greater  part  of  the  watery  vapor  which  is  forced 

pipe,  m,  into  the  rectifying  vessel,  where,  by  means  of  a 

along  from  A and  c is  condensed,  and  falls  back  into  the 

Fig.  79. 

Fig. 80. 
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boilers  through  the  pipe,  w,  to  undergo  a second  distil- 

emerging  from  the  cover  of  the  vessel,  E,  for  the  pur- 

lation.  The  first  portions  of  the  vapor  that  enter  this 

pose  of  carrying  off  any  vapors  generating  in  the  liquid 

vessel  are  entirely  condensed,  in  consequence  ot  the 

surrounding  the  apparatus  in  this  vessel,  t is  the  funnel 

liquid  contained  in  it  being  as  yet  cold ; but  when,  after 

pipe,  reaching  to  the  bottom  of  the  refrigerator;  and  q 

a short  time,  the  latent  heat  of  the  condensing  vapor 

the  termination  of  the  worm,  by  which  the  finished 

raises  the  temperature  of  this  liquid  so  high  that  it  wiU 

spirit  is  discharged  into  a small  covered  vessel,  r,  which 

not  condense  any  longer  the  richer  alcoholic  vapor,  the 

contains  an  alcoholometer,  s,  to  indicate  the  strength 

latter  rises  through  the  pipe,  o o,  and  enters  the  worm 

of  the  spirit. 

in  the  vessel,  e,  where  complete  resolution  takes  place. 

The  fermenting  molasses  are  so  viscous,  when  they 

and  the  spirit  produced  flows  out  by  the  pipe,  q.  As 

are  treated  in  such  a way  as  to  mark  only  8°  of  the 

soon  as  the  liquor  in  the  first  boiler  becomes  exhausted. 

areometer,  that  at  some  periods  the  mixture  intumesces. 

the  fire  is  slackened  for  a short  time,  the  contents 

so  as  to  overflow  the  fermenting  tuns,  imless  the  latter 

discharged  through  the  pipe  and  stopcock,  /,  and  a 

be  very  large.  To  obviate  this,  some  soft  soap  is 

further  quantity  admitted  by  the  pipe  and  stopcock,  j, 

added,  which  being  partly  decomposed  by  the  little  excess 

from  the  boiler,  c,  and  this  again  replenished  by  open- 

of  acid  contained  in  the  liquid,  the  oily  portion  forms  a 

ing  the  stopcock,  u,  of  the  tank,  v.  The  fire  is  again 

layer  which  destroys  the  homogeneousness  of  the  sirupy 

urged  brisldy,  and  thus  the  distillation  proceeds  sue- 

effervescence,  and  disposes  the  bubbles  of  carbonic  acid 

cessively,  so  as  not  to  lose  alcohol. 

to  binst  and  pass  off  without  much  rising  in  the  liquid. 

Fig.  80  is  a section  of  the  rectifier  and  refrigerator : 

Fermentation  is  known  to  be  finished  when  the  action. 

in  the  first  there  are  seven  compartments  formed  of  large 

after  having  been  regularly  increasing,  ceases  suddenly, 

circular  pipes,  as  seen  at  / f'  f"  f"'  f^/’,  each 

and  the  temperature  subsides ; another  sign  by  which 

one  of  which  terminates  in  a smaller  pipe  that  meets  the 

a good  fermentation  is  distinguished,  is  the  falling  in  of 

others  in  a ball  at  the  end  of  the  pipe,  n.  oo  shows  the 

the  head,  and  the  diminution  of  specific  gravity,  from 

connection  of  this  apparatus  with  the  refrigerating  worm 

8°  to  1°. 

in  the  vessel,  g ; p,  the  pipe  connected  with  o o,  and 

If  the  liquid,  after  attenuation,  be  not  immediately 
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distilled,  it  is  necessary  to  cool  it  down  rapidly,  to 
prevent  its  being  converted  into  acetic  acid.  This 
is  done  either  by  passing  cold  water  through  a coiled 
pipe  in  the  fermenting  tun,  or  bj’’  emptying  the  whole 
into  sulphured  tubs,  which  resist  the  further  action 
of  any  fermentation.  Of  these  two,  the  worm  is  pre- 
ferable, as  in  a slow  fermentation  the  transmission 
of  hot  water  through  this  pipe  woidd  revive  it;  and 
when  the  temperature  of  the  liquid  becomes  higher 
than  what  it  should  be,  from  a too  rapid  fermentation, 
it  is  equally  opposed  by  pouring  cold  water  through 
the  worm.  Laugier’s  apparatus  is  best  adapted  for 
the  distUlation  of  the  fermented  liquor  of  molasses. 

The  quantity  of  spirit  obtained  from  molasses  when 
fermented  at  14°,  is  less  than  when  the  mash  is  made 
to  mark  8°;  but  considering  the  advantage  of  obtaining 
the  alkaline  matter  there  is  less  evaporation,  and,  con- 
sequently, less  fuel  consumed.  A method  has  been 
lately  introduced  by  Dubrunfaut,  by  which  the  atten- 
uation is  made  at  8°,  and  the  saline  matter  obtained 
without  much  extra  fuel.  One  part  of  this  process  is  to 
employ  the  spent  liquor  after  distillation,  for  bringmg  a 
second  portion  of  molasses  to  8°  of  the  areometer ; this 
liquor  has  no  injurious  effect  upon  the  fermentation, 
and  offers  the  advantage  of  having  double  the  quantity 
of  salts  in  the  same  bulk  of  liquid. 

This  liquid  he  introduced  into  a steam  boiler  instead 
of  water,  for  the  purpose  of  generating  steam  to  heat 
the  liquid  for  distillation,  and  the  apparatus.  Finally, 
the  evaporation  is  finished  in  three  pans  or  boilers, 
which  are  partly  heated  by  the  waste  caloric  from  a re- 
verberatory furnace  at  the  end,  wherein  the  saline  mass 
is  torrefied.  The  degree  of  strength  which  the  liquid 
has,  before  it  is  run  into  the  furnace,  is  32°.  One  thou- 
sand kilogrammes  of  molasses  afford  from  one  hundred 
to  one  hundred  and  forty  kilogrammes  of  saline  matter, 
marldng  50°  to  55°  on  the  alkalimeter. 

Potato  Spirit. — Potatoes  afford  a considerable 
quantity  of  alcohol ; and  of  late  years  the  manufacture 
has  been  extensively  conducted  in  France.  There 
are  two  methods  practised:  in  the  first,  the  starch 
of  the  potato  is  fermented  without  any  previous  pre- 
paration, and  in  the  second,  the  starch  is  converted 
into  sugar  by  sulphuric  acid.  If  a quantity  of  starch, 
no  matter  whether  obtained  from  wheat  or  potatoes, 
be  boiled  with  water  acidulated  with  sulphxuic  acid, 
incessantly,  during  a few  hours,  occasionally  adding 
water  as  it  evaporates,  to  preserve  perfect  fluidity; 
then  saturating  with  lime — continuing  the  bofling,  after 
separating  the  sulphate  of  lime,  until  the  solution  be 
concentrated — a dark  sirupy  liquid  is  obtained,  which, 
on  cooling,  affords  abundance  of  sugar  in  crystals.  This 
sugar  certainly  differs,  in  some  respects,  from  common 
sugar;  it  is  not  quite  so  sweet,  nor  so  soluble  in 
water;  it  crystallizes  differently,  fuses  at  a much  lower 
heat,  and  its  solution  ferments  without  the  addition  of 
yeast.  It  has  been  found  that,  during  the  whole 
process  of  its  formation,  not  a bubble  of  gas  is  dis- 
charged ; that  the  sulphuric  acid  remains  unchanged, 
and  that  the  contact  of  air  is  unnecessary.  These  facts 
afford  additional  proof  that  starch  and  sugar  are  the 
same  in  composition,  and  that  the  conversion  is  effected 
by  some  unknown  agency  of  the  siflphuric  acid  in 


altering  the  mode  of  combination  in  which  the  carbon, 
oxygen,  and  hydrogen  are  held  together.  One  hun- 
dred parts  of  starch  produce  about  one  hundred  and 
ten  parts  of  sugar,  which  is  converted  by  fermentation 
into  alcohol.  The  advantages  afforded  by  converting 
potatoes  to  this  use,  are,  that  they  are  cheap,  and  afford 
a good  spirit,  while  the  residuum  of  the  distillation  is 
good  food  for  cattle ; grain  is  economized,  and  less  yeast 
is  consumed. 

To  obtain  spirit  according  to  the  first  process,  the 
potatoes  are  to  be  well  steamed  for  an  hour,  and  then 
bruised  between  two  cylinders  of  wood  or  sandstone 
Ground  malt  is  to  be  mixed  in  a keeve  with  warm 
water,  in  quantity  sufficient  to  give  the  consistence  of 
thin  pap,  and  the  potato  paste  is  then  added,  the  whole 
well  stirred  with  a proper  quantity  of  water  until 
no  lumps  remain.  The  stirring  is  to  be  renewed  at 
intervals,  until  the  mixture  is  cold.  Natural  yeast  of 
beer,  or  that  made  artificially  from  rye,  is  introduced, 
but  in  less  quantity  than  would  be  required  for  corn, 
since  potatoes  ferment  more  easily.  Experience  has 
proved  that  the  addition  of  red  beetroot  or  carrots  to 
the  potatoes  and  malt,  affords  spirit  of  a better  flavor, 
and  in  larger  quantity.  When  the  fermentation  has 
been  pushed  to  its  utmost,  the  whole  matter,  both  liquor 
and  sediment,  is  to  be  introduced  into  the  stUl,  and  dis- 
tflled  as  in  any  other  case,  taking  proper  precautions  to 
prevent  burning. 

The  process  recommended  by  M.  Siemen,  and  now 
applied  in  Denmark,  is  to  heat  three  or  fom-  tons  of 
potatoes  in  steam,  a little  above  212°,  then  to  mash 
them  well  by  the  rotatory  motion  of  an  iron  cross  in 
the  same  vessel  wherein  they  are  steamed,  and  to  add 
hot  water,  alkalized  with  a pound  and  a quarter  of 
caustic  potassa.  AU  the  mucilage  which,  in  the  boiled 
potatoes,  commonly  remains  insoluble,  is  by  the  addition 
of  the  alkali  converted  into  a starch,  which  easily  passes 
through  the  sieve,  leaving  the  thin  skin  of  the  potato. 
The  water  is  to  be  in  such  quantity  as  to  form  a 
thin  paste ; this  being  quickly  cooled,  yeast  is  added, 
and  the  process  conducted  in  the  usual  manner.  It 
is  said,  that  by  this  method  the  quantity  of  spirit  from 
a given  weight  of  potatoes  is  greatly  increased.  Fifty 
hectolitres,  thirty  litres — 137‘64  imperial  bushels — of 
potatoes,  along  with  eight  hectolitres — 22  T 2 imperial 
bushels — of  ground  malt,  yield  nine  hectolitres — 198 
imperial  gallons — of  spirit.  Cadet  states  that  eight 
hundred  pounds  of  potatoes  will  afford  thirty  pounds  of 
spirit,  which  at  that  time  he  calculated  to  cost  the  dis- 
tiller thirty-six  francs,  and  to  sell  for  forty-eight. 

The  process  for  procuring  alcohol  from  potato  sugar 
needs  not  be  particularly  described.  The  sugar  being 
once  obtained  from  potato  starch,  it  is  easy  to  conduct 
the  fermentation.  During  the  conversion  of  the  starch 
into  sugar,  a few  drops  of  a solution  of  iodine  in  alcohol 
is  frequently  added  to  a small  portion  of  the  liquor,  to 
see  if  the  blue  iodide  of  starch  is  formed ; this  reaction 
manifests  itself  as  long  as  any  imdecomposed  starch 
remains.  From  fifty  kilogrammes — 110-31  pounds 
avoirdupois — of  potato  starch,  converted  into  sugar 
by  sulphuric  acid,  are  obtained  from  twenty  to  twenty- 
five  litres — 4-4  to  5-5  imperial  gallons — of  alcohol,  at 
0-935. 
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Vauquelin,  who  examined  forty-seven  kinds  of  pota- 
toes, says  that  the  quantity  of  starch  in  one  hundred 
parts  varies  from  twelve  to  twenty-four  parts — the 
average  result  was  found  to  be  from  seventeen  to  nine- 
teen per  cent.  According  to  Wunrich,  starch  re- 
quires but  one  or  two  per  cent,  of  sulphuric  acid  to 
convert  it  into  sugar,  if  the  heat  applied  be  a few 
degrees  above  212°;  and  two  or  three  hours  are  then 
sufficient  to  crystallize  it.  He  applies  steam  heat  in 
wooden  vessels. 

During  the  last  runnings  of  the  fermented  starch  of 
potato,  when  under  distillation,  an  oil  is  obtained,  which 
was  examined  by  Pelletan,  and  which  he  supposed 
to  resemble  the  oil  procurable  from  corn  spirit.  The 
two  oils  are,  however,  materially  different. 

The  yeast  thrown  up  by  potatoes  during  fermentation, 
even  with  one-fifth  of  their  weight  of  barley,  possesses 
but  httle  energy,  and  is,  therefore,  not  used  in  attenu- 
ating the  potato  wash. 

In  the  experiments  made  rmder  the  personal  inspec- 
tion of  Professor  Oersted  at  Copenhagen,  from  sixteen 
and  a half  to  seventeen  quarts  of  spirit,  at  50°  of  Tralles’ 
alcoholometer,  were  obtained  from  a ton  of  potatoes, 
making  a fair  allowance  for  that  portion  of  the  product 
due  to  the  malt  used  in  the  maceration.  This  spirit  is 
stated  to  have  had  a good  flavor,  though  the  produce 
was  inferior  to  that  obtained  by  the  French  chemists. 
Muller  asserts  that  an  apparatus  on  Siemen’s  princi- 
ple, the  expense  of  which  is  about  two  hundred  and  fifty 
Prussian  dollars,  is  capable  of  producing  fifty  per  cent, 
more  spirit  from  potatoes  than  the  apparatus  gene- 
rally used  in  Germany,  calculating  from  the  price  and 
produce  of  potatoes  and  rye  in  1820.  He  further  adds, 
that  a hundred-weight  of  the  former  converted  into 
spirit  produces  a profit  of  from  five  hundred  to  six  hun- 
dred rix-dollars,  while  the  same  space  of  ground  that 
produced  it,  if  sown  with  rye,  would  not  give  more 
than  from  ten  to  twelve  rix-doUars. 

About  the  year  1832,  a gentleman  visited  the  distil- 
lery of  Messrs.  Calder  at  Eyemouth,  in  Berwickshire, 
and  foimd  that  they  had  worked  for  some  short  time 
from  potatoes.  He  considered  the  spirit — which  had 
the  flavor  of  hollands — to  be  pure  and  good ; and  al- 
though it  was  affirmed  that  no  grain  or  malt  had  been 
used,  he  strongly  suspected  the  contrary.  The  fermen- 
tation was  described  as  beautiful,  the  head  rising  seven 
or  eight  feet  like  clouds  of  cotton;  and  when  beaten 
down  to  the  surface  of  the  worts,  it  rose  again  in  the 
same  majestic  manner.  The  gravity  worked  at  was 
40°,  and  the  attenuation  was  good.  The  potatoes  were 
ground  in  a miU,  like  a common  pepper-miU  in  shape, 
but  made  of  sheet-iron  perforated  like  a grater.  The 
pulp,  thus  produced,  was  mashed  in  the  keeve  with 
boiling  water,  and  the  extract  ran  off  quite  pure,  and 
freely.  A sperge,  or  small  worts  of  about  20°  gravity, 
was  obliged  to  be  used,  otherwise  the  worts  at  the 
noticed  gravity  of  40°  could  not  be  got  ofl';  the  produce 
was  good,  as  there  was  no  deficiency.  The  spirit  sent 
to  the  London  market,  when  called  grain  spirit  in  the 
permits,  was  highly  prized ; when  this  error  was  cor- 
rected, and  the  product  was  denominated  spirit  distilled 
from  potatoes,  tlie  price  fell,  and  it  was  not  so  much  in 
vogue.  About  the  same  time,  Mr.  Jamieson  of  Fairfield, 
VOL.  I. 


near  Enniscorthy,  commenced  distilling  from  potatoes. 
They  were  sliced,  dried  on  a com-kiln,  ground  to  flour, 
mixed  in  certain  proportions  with  grain,  and  mashed  in 
the  ordinary  manner.  But  the  manufacture  was  aban- 
doned, in  consequence  of  the  opposition  of  the  peasantry, 
through  fear  of  a scarcity  in  the  article  of  food. 

From  some  late  experiments,  Dubrunfaut  pro- 
posed to  brew  from  the  starch  of  potatoes  an  excellent 
beverage  resembhng  French  beer,  the  starch  being  macer- 
ated and  fermented  with  hops.  By  fermenting  the  sac- 
charized  starch  with  honey  instead  of  hops,  a palatable 
liquor  was  made,  having  all  the  quahties  of Louvaine  beer. 
Potato  starch,  being  free  from  any  peculiar  taste,  seems 
capable  of  receiving  flavor  in  its  fermentation  from 
any  substance  that  gives  repute  to  beer,  or  home-made 
wines.  Dr.  Hare,  having  observed  a strong  analogy 
between  the  saccharine  matter  of  the  sweet  potato  and 
molasses,  or  the  saccharum  of  malt,  boiled  a wort  made 
from  the  potatoes,  of  1060°  specific  gravity,  with  a pro- 
portionate quantity  of  hops  for  the  space  of  two  hours. 
It  was  then  cooled  to  about  56°,  and  yeast  added.  As 
far  as  could  be  judged,  the  phenomena  of  the  fermenta- 
tion and  the  liquor  produced,  were  precisely  the  same 
as  if  malt  had  been  used.  The  wort  was  kept  in  a warm 
place  until  the  temperature  was  85°  Fahrenheit,  and 
the  fall  of  the  head  showed  the  attenuation  to  be 
sufficient ; yeast  subsequently  rose,  which  was  removed 
by  skimming.  A further  quantity  of  yeast  was  preci- 
pitated by  refrigeration,  from  which  the  hquor  being 
decanted,  became  tolerably  fine  for  new  beer,  and  re- 
sembled in  flavor  ale  made  from  malt.  It  has  been 
computed  that  five  bushels  of  potatoes  would  produce 
as  much  wort  as  three  bushels  of  malt,  while  the  residue, 
as  food  for  cattle,  would  be  worth  half  as  much  as  the 
potatoes. 

In  the  opinion  of  some — particularly  those  who 
have  not  employed  sulphuric  acid  in  saccharifying  the 
starch — the  best  time  to  use  potatoes  in  distillation  is 
in  spring,  when  they  begin  to  vegetate.  The  growth 
of  the  buds  must  be  checked,  as  in  the  process  of  malt- 
ing ; and  this  is  easily  done  by  spreading  them  on  a 
floor,  and  by  subsequent  turning,  so  as  to  deprive  them 
of  as  much  of  their  water  as  possible.  When  reduced 
to  a pulpy  consistence,  diluted  with  boUing  water,  and 
drawn  off  and  cooled  to  a proper  temperatme,  the 
hquid  is  then  fermented  in  the  same  manner  as  grain 
worts ; and  such  has  been  the  treatment  observed  by 
many  who  have  tried  the  distillation  of  potatoes  in  this 
country.  Sprouted  potatoes  produce  as  perfect  farina 
in  July  as  in  December,  and  equal  in  quantity  to  what 
they  would  have  yielded  earher  in  the  season,  being, 
according  to  Sir  John  Sinclair,  about  fomleen  pounds 
per  hundred-weight. 

It  has  been  stated  that  potato  apples  give,  by  proper 
treatment,  as  much  alcohol  as  an  equal  quantity  ot 
grapes,  when  bruised  and  fermented  with  one-eighteenth 
or  one-twentieth  of  their  weight  of  yeast. 

From  these  details  on  the  appfication  of  potatoes  in 
the  manufacture  of  spirit,  persons  may  be  induced  to 
try  experiments  that  might  ultimately  prove  advan- 
tageous. If  they  proceed  by  reduction  of  the  farina  to 
a pulpy  substance,  the  operation  is  simply  by  bofling ; 
if  by  the  production  of  starch,  it  may  be  mechanically 
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effected  at  little  expense  and  labor,  either  by  pounding 
or  grating,  and  elutriation  with  cold  water.  In  some 
parts  of  France,  the  tuber  of  the  Jerusalem  artichoke 
— Helianthus  tuberosus — has  been  used  for  the  purpose 
of  distillation.  The  wash  extracted  from  this  vegetal, 
when  fermented  in  the  ordinary  way,  is  found  to  yield 
a very  pure  and  strong  spirit,  which  is  said  to  resemble 
that  obtained  from  the  grape,  more  than  any  other  sub- 
stitute that  has  hitherto  been  tried. 

The  root  grows  luxuriantly  almost  in  every  climate, 
but  it  does  not  appear  that  it  has  been  cultivated  much 
in  England,  either  for  the  production  of  spirit  or  other 
uses;  it  might  be  remunerative  in  this  particular,  in 
producing  a medium  beverage  between  genuine  French 
brandy,  and  the  fiery  spirit  extracted  from  grain,  and 
sold  under  the  denomination  of  gin  and  whisky. 

Arrack,  contracted  into  rack,  is  a spiritous  liquor 
from  the  East  Indies.  The  name  is  said  to  signify,  in 
the  East,  any  alcoholic  Hquor ; but  that  usually  bearing 
this  name  is  toddy,  a hquid  distilled  from  the  juice  of 
the  cocoa-nut  tree — cocos  nucifera — procured  by  inci- 
sion. In  all  countries  where  rice  is  abundant,  an  alco- 
hol is  drawn  from  it,  called  arrack  or  rack.  Goa  and 
Columbo  arrack  are  always  made  from  toddy ; Batavia 
and  Jamaica  arrack  from  molasses  and  rice,  with  a 
little  toddy.  The  Pariah  arrack  contains  cannabis 
saiiva  and  a species  of  Datura,  which  render  it  more 
inebriating  and  hurtful;  it  is  not,  however,  certain, 
whether  the  Pariah  arrack  is  used  generally  to  imply 
a sophisticated  spirit,  or  is  only  applicable  to  that 
liquor  with  which  the  above  ingredients  have  been 
compounded. 

The  process  is  nearly  the  same  as  for  making  grain 
spirit.  Rice  is  put  into  a vat,  covered  with  water,  and 
agitated  to  cause  it  to  pullulate.  A handful  is,  from 
time  to  time,  taken  from  different  parts  of  the  vat,  and 
if  the  half  at  least  has  not  pullulated  the  germina- 
tion is  allowed  to  proceed,  or  the  fermentation  may  be 
hastened  by  adding  lukewarm  water,  and  drawing  a 
certain  quantity  from  the  top,  heating  and  returning  it 
to  the  vat,  the  contents  of  which  are  well  stirred. 
Great  caution  is  necessary  in  the  operation,  for,  if  rum- 
maged too  quickly,  much  risk  is  run  of  brealdng  the  seed, 
which  would  make  the  rice  decay,  and  thus  hinder  the 
fermentation  of  the  rest.  If  such  a thing  occurs,  the 
injured  grain  might  be  extracted,  but  this  would  be 
attended  with  so  much  labor,  ‘as  compared  to  the 
value  of  the  rice,  that  the  whole  is  rejected  by  distillers, 
and  sold  for  the  use  of  cattle.  To  avoid  these  mishaps, 
a man  accustomed  to  the  work  is  employed.  He  intro- 
duces the  rake  just  below  the  surface  of  the  rice, 
agitates  the  water  in  turning,  and  stirs  gently  till  he 
reaches  the  bottom ; the  same  caution  is  observed  in 
bringing  the  rake  again  to  the  surface.  When  the 
rice  is  nearly  or  half  germinated,  the  plug  at  the  under 
part  of  the  vat  is  withdrawn  to  let  out  the  water; 
the  rice  is  then  removed  to  a room,  and  heated  like 
the  barley  in  the  distfilation  of  the  grain  spirit.  It 
is  submitted  to  a heat  of  59°  Fahr.,  which  finishes  the 
germination. 

The  subsequent  operations  are  the  same  as  those 
pursued  by  the  brewer.  When  the  rice  has  suffi- 
ciently acquired  the  vinous  fermentation,  it  is  intro- 


duced into  the  alembic  or  stfil,  like  the  other  substances 
discussed. 

Morewood  was  favored,  by  a gentleman  many 
years  resident  in  India,  with  several  curious  remarks 
upon  the  kind  of  stills  employed,  and  the  methods  pur- 
sued. When  the  material  for  distilling — ^whether  rice, 
or  the  simple  lermented  juice  of  the  cocos  nucifera — is 
ready,  a hole  is  dug  in  the  earth,  suited  to  the  size  of 
the  still  to  be  used ; and,  on  a level  with  the  bottom  of 
this  hole,  there  is  an  underground  communication  made 
for  the  purpose  of  feeding  the  fire  with  atmospheric 
air;  near  the  edge  of  this  orifice  is  a chimney,  serving 
two  purposes — for  the  supply  of  the  fuel,  and  for  the 
escape  of  the  smoke ; a fire  of  dry  wood  is  first  lit, 
and,  when  the  ground  is  completely  heated,  the  stiU  is 
fixed  in  it,  and  so  bound  round  with  earth,  as  to  pre- 
vent the  escape  of  any  caloric.  When  ebullition  com- 
mences, and  the  steam  begins  to  ascend,  an  Indian 
pours  a gentle  stream  of  water  upon  the  head  of  the 
still,  or  on  the  broad  and  thin  surface  of  a plate  of  tin 
or  copper,  with  a gutter  for  the  water  to  nm  off,  which 
is  fixed  on  a pan,  with  a hole  in  the  bottom,  luted  to 
the  neck  of  the  stfil,  and  serving  as  a condenser.  The 
extreme  cold  produced  by  the  evaporation  of  the  water 
on  so  broad  a surface,  occasions  the  vapor  from  the 
still  to  be  immediately  condensed,  and  to  flow  in  a 
trickling  stream  into  the  receiver. 

A lady  who  resided  in  India  thus  describes  the  work- 
ing of  a native  stfil  which  she  had  an  opportimity  of 
seeing: — The  stfil  was  simply  constructed:  round  a 
hole  in  the  earth,  a ledge  of  clay,  four  inches  high,  was 
raised,  with  an  opening  half  a foot  in  width,  for  the  pur- 
pose of  supplying  fuel.  Upon  the  clay  a large  earthen 
pot  was  luted ; to  its  mouth  was  oiosed  with  lute  the 
mouth  of  a second  pot;  and  where  they  joined,  an 
earthen  spout,  a few  inches  long,  was  inserted,  which 
served  to  let  off  the  spirit  condensed  in  the  upper  jar, 
the  latter  being  kept  cool  by  a person  pouring  water 
constantly  upon  it.  In  the  cottage,  or  still-house,  was 
a woman  employed  in  cooling  the  stfil  by  pouring 
water  on  it  from  a cocoa-nut  shell  ladle.  The  woman 
said  that  she  sat  at  her  occupation  from  sunrise  to  sun- 
set, without  scarcely  a change  of  position,  while  her 
husband  constantly  brought  toddy  for  distillation. 

Arrack  is  drunk  in  Siam ; but  its  consumption,  as 
well  as  its  facture,  is  confined  to  the  Chinese  resident 
in  that  country.  It  is  stated  that  the  privilege  for  its 
distfilation  brings  to  the  government  fifty-eight  thou- 
sand pounds  per  annum,  for  the  whole  kingdom.  The 
greater  portion  of  arrack  is  distilled  at  Bankok,  the 
capital ; and  the  remainder  at  thirteen  of  the  principal 
towns. 

A strong  kind  of  arrack,  possessing  an  unpleasant 
smeU,  is  distilled  from  palm  wine,  et  cetera ; this  spirit 
is  called  vellipatty;  another  sort  is  known  under  the 
name  of  talwagen.  The  revenue  arising  from  arrack, 
in  Ceylon,  is  very  large  ; in  the  land-rents  are  included 
the  duties  on  cocoa-nut  trees,  which  exceed  those  on 
rice  by  nearly  fifteen  thousand  pounds  annually. 

Arrack,  from  time  immemorial,  has  been  a common 
beverage  among  the  Cingalese,  but  as  yet  their  method 
of  manufacturing  it  is  rude,  indicating  a great  want  of 
chemical  sldll. 
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The  still  they  employ  is  of  earthenware,  and  of  the 
simplest  construction ; the  subjoined  is,  on  the  authority 
of  Morewood,  a true  representation  of  the  one  in 
general  use : — 


a,  h,  are  the  capital  and  alembic  luted  together;  d,e,  a 
receiver  and  refrigerator,  of  one  piece,  the  former  con- 
nected with  the  head  by  a bamboo,  c. 

Ardent  spirit  is  manufactured  in  much  larger  quan- 
tities in  Java  than  in  any  other  island  in  the  Indian 
ocean,  which  may,  no  doubt,  be  accounted  for  by  the 
great  industry  of  the  Dutch,  and  the  celebrity  which  the 
Batavian  arrack  so  early  acquired  under  their  patronage. 
According  to  Sir  Thomas  Raffles,  the  annexed  is  the 
manner  of  making  it: — About  seventy  pounds  of  hetan, 
or  glutinous  rice,  are  filled  up  in  a small  vat;  round  this 
heap  one  hundred  cans  of  water  are  poured,  and  on  the 
top,  twenty  cans  of  molasses;  after  remaining  two  days 
in  this  vat,  the  ingredients  are  removed  to  a larger  vat 
adjoining,  when  they  receive  the  addition  of  four  hun- 
dred cans  of  water  and  a hundred  of  molasses.  Thus 
far  the  process  is  carried  on  in  the  open  air.  In  a 
separate  vat  within  doors,  forty  measures  of  palm  wine, 
or  toddy,  are  immediately  mixed  with  nine  hundred  of 
water,  and  one  hundred  and  fifty  of  molasses,  both 
preparations  being  allowed  to  remain  in  this  state  dur- 
ing two  days.  The  first  of  these  preparations  is  car- 
ried to  a still  larger  vat  within  doors ; and  the  latter, 
being  contained  in  one  placed  above,  is  poured  upon 
it  through  a hole  bored  for  the  purpose  near  the  bottom. 
In  this  state,  the  entire  preparation  is  allowed  to  fer- 
ment for  two  days,  when  it  is  poured  into  small  earthen 
jars,  containing  about  twenty  cans  each,  in  which  it 
remains  for  the  further  period  of  two  days,  and  is  then 
distilled.  The  proof  of  a sufficient  fermentation  is 
obtained  by  placing  a lighted  candle  or  taper  about  six 
inches  above  the  surface  of  the  liquor  in  the  fermenting 
vat ; if  the  process  be  properly  advanced,  the  carbonic 
acid  rises  and  extinguishes  the  light.  Another  mode  of 
apportioning  the  materials  for  the  making  of  arrack  is, 

62  parts  molasses, 

3 do.  toddy, 

35  do.  rice, 

which  yield,  on  distillation,  twenty-three  and  a half 
parts  of  proof  arrack.  The  stills  are  made  of  copper, 
and  are  much  like  those  used  in  the  West  Indies ; the 
wonns  consist  of  about  nine  turns  of  Banca  tin.  The 
spirit  runs  into  a vessel  under  ground,  whence  it  is 
poured  into  proper  receivers,  and  is  called  the  third, 
or  common  sort  of  arrack,  which  by  a second  distil- 
lation in  a smaller  still,  with  the  addition  of  some 
water,  becomes  the  second  sort ; and  by  a third  opera- 


tion, is  what  is  called  the  first  sort.  To  ascertain  the 
strength  of  the  sphit,  a small  quantity  of  it  is  burned  in 
a saucer,  and  the  residuum  measured;  the  difference 
between  the  original  quantity  and  the  residuum  gives 
the  measure  of  the  alcohol  lost.  The 
completion  of  the  first  sort  does  not 
require  more  than  ten  days,  six 
hours  being  sufficient  for  the  original 
preparation  to  pass  through  the  first 
still.  The  Chinese  residents,  who 
conduct  the  whole  of  this  process, 
call  the  third,  or  common  sort, 
sichew;  the  second,  tanpo;  and  the 
first,  kiji.  The  latter  two  are  dis- 
tinguished as  arrack  apt.  Wlien 
cooled,  it  is  poured  into  large  vats 
in  the  storehouses,  where  it  remains  until  put  into 
casks.  The  making  of  arrack  is  distinct  from  that  of 
sugar,  which  is  manufactured  to  a great  extent  in  Java. 
The  arrack  distillers  purchase  the  molasses  from  the 
sugar  manufacturers. 

A very  large  quantity  of  arrack  is  consumed  in  the 
East;  seven  hundred  thousand  gallons  are  annually 
exported  from  Ceylon,  of  which  upwards  of  thirty  thou- 
sand come  to  England. 

Carrot  Spirit. — In  the  Transactions  of  the  Royal 
Society  of  Edinburgh,  is  a paper  by  Dr.  Hunter  and 
Mr.  Hornby,  in  which  they  give  the  details  of  the 
process  for  the  production  of  the  above  spirit.  With 
the  paper  was  sent  a sample  of  the  spirit,  and  the 
Society  appointed  Dr.  Black,  Dr.  Hutton,  and  Mr. 
James  Russell,  to  investigate  this  account,  together 
with  the  specimen  of  the  spirit,  and  to  report  upon  the 
same,  which  they  did  as  follows : — 

The  sample  of  spirit  which  was  sent  by  Dr.  Hun- 
ter, of  York,  to  the  Royal  Society,  has  been  ex- 
amined, and  also  the  account  of  the  experiment  on 
the  fermentation  and  distillation  of  carrots,  by  which 
the  spirit  was  produced.  The  experiment  was  made 
by  Mr.  Thomas  Hornby,  druggist  in  York,  with  one 
ton  and  eight  stones  of  carrots,  which,  after  being  ex- 
posed to  the  air  a few  days  to  desiccate,  weighed  one 
hundred  and  sixty  stones,  and  measured  forty-two 
bushels;  they  were  affused  with  water,  topped,  and 
tailed,  by  which  they  lost  in  weight  eleven  stones,  and 
in  measure  seven  bushels;  and  being  then  cut,  were 
boiled  with  the  proportion  of  twenty-four  gallons  of 
water  to  one-third  of  the  above-mentioned  quantity  of 
carrots,  until  the  whole  was  reduced  to  a tender  pulp, 
which  was  done  by  three  hours’  boiling.  From  this 
pulp  the  juice  was  readily  extracted  by  means  of  a 
press,  and  two  hundred  gallons  of  juice  were  produced 
from  the  whole  quantity. 

The  juice  was  reboiled  with  one  pound  of  hops  for 
five  hours,  and  then  cooled  to  66°  Fahrenheit,  and  six 
quarts  of  yeast  being  added,  it  was  set  to  ferment.  The 
strong  fermentation  lasted  forty-eight  hours,  during 
which  time  the  heat  abated  to  58°;  twelve  gallons  of 
unfermented  juice,  which  had  been  reserved,  were  then 
heated,  and  added  to  the  liquor,  the  heat  of  which  was 
thus  raised  again  to  66°,  and  the  fermentation  was  re- 
newed for  twenty-four  hours  more,  the  air  of  the  brew- 
house  being  aU  this  time  at  44°  and  46°.  The  liquor 
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was  now  turned,  and  continued  to  work  three  days 
from  the  bung;  lastly,  it  was  distilled,  and  the  first 
distillation  was  rectified  next  day  without  any  addition. 
The  produce  was  twelve  gallons  of  spirit.  It  resembled 
the  best  com-spirit  in  flavor,  and  was  proof.  The 
refuse  of  the  carrots  weighed  forty-eight  stones,  which, 
added  to  the  tops  and  tails,  made  provision  for  hogs, 
besides  the  wash  from  the  still,  which  measured  one 
hundred  and  fourteen  gallons. 

From  the  above,  Dr.  Hunter  draws  the  annexed 
comparison  between  the  distillation  of  carrots  and 
grain : — 

Twenty  tons  of  carrots,  which  will  make  two  hundred 
gallons  of  j>roof  spirit,  may  be  bought  for  £16.  Eight 
quarters  of  malt,  or  rather  materials  for  distillation, 
consisting  of  malt,  wheat,  and  rye,  may  be  bought  for 
£16,  and  will  also  yield  two  hundred  gallons  of  proof 
spirit.  The  refuse  from  the  carrots  will  be  nine 
hundred  and  sixty  stones,  which,  at  one  penny  per 
stone,  will  sell  for  £4.  The  refuse  or  grains  from  the 
malt,  et  cetera,  will  be  sixty-four  bushels,  each  bushel 
about  three  stones,  which,  at  one  penny  per  stone, 
will  seU  for  sixteen  shillings.  The  Doctor,  however, 
supposes  that  the  manufacture  of  the  spirit  from  carrots 
may  be  attended  with  more  expense  than  that  from 
malt,  but  imagines  that  the  greater  value  of  the  refuse 
may  compensate  for  that  expense,  and  that  the  saving 
of  corn  for  other  pmposes  is  an  object  worthy  of  atten- 
tion and  of  encouragement. 

Milk  Spirit. — The  Tartars  and  Kalmouks  prepare 
a spirit  from  the  milk  of  mares  or  cows,  which  they 
greatly  relish.  Twenty-one  pounds  of  milk  yield  an 
ounce  and  a half  of  an  insipid  distfllate,  and  forty  ounces 
of  spiritous  liquor;  the  latter,  when  rectified,  gives  six 
ounces  of  alcohol.  Oseretskowsky  says  that  skimmed 
milk,  when  deprived  of  its  butyraceous  portions,  neither 
produces  spirit,  per  se,  nor  by  the  addition  of  a ferment. 
Secondly,  milk  retaining  a portion  of  its  cream,  agitated 
imtil  it  commences  fermentation,  produces  alcohol,  but 
in  small  quantity.  Thirdly,  the  entire  mflk  kept  in  a 
close  vessel,  which  by  agitation  commences  fermenting, 
furnishes  more  spirit.  Nearly  the  same  amount  of  spirit 
is  procured  from  the  same  milk,  when  a ferment  is 
added  to  it.  Fourthly,  milk  deprived  of  the  most  part 
of  its  caseous  matter  furnishes  very  little  spirit.  Fifthly, 
when  the  serous  part  only  of  the  milk  is  distilled,  it 
aSbrds  little  spirit.  Sixthly,  milk  which  is  fermented 
in  a close  vessel,  and  left  for  some  time,  loses  its  acid, 
and  furnishes  much  more  spirit  than  it  woifld  do  if  dis- 
lOled  immediately.  Seventlfly,  if  the  heat  of  the  fer- 
mented milk  be  sustained,  the  alcoholic  portion  passes 
into  vinegar. 

Madder  Spirit. — Within  the  last  few  years  a patent 
has  been  taken  out  in  France  by  M.  Jullien,  for  dis- 
tilling a spirit  from  the  washings  of  madder,  which  were 
previously  allowed  to  run  waste.  Several  madder  dis- 
tilleries are  now  established  in  France,  and  one  has 
been  lately  erected  in  Glasgow,  by  Mr.  J.  Hinshaw, 
of  the  firm  of  Messrs.  Arthur  and  Hinshaw. 

To  explain  the  economy  of  this  remarkable  process, 
it  may  be  stated  that  the  madder  is  imported  into  this 
country  in  the  form  of  a root,  which  somewhat  resem- 
bles liquorice,  or  the  stems  of  heather.  To  prepare  it 


for  the  dyer,  and  especially  for  dyeing  the  celebrated 
turkey  red — which  has  long  been  a staple  business  in 
Glasgow — the  root  is  first  roasted,  or  kiln-dried ; it  is 
then  ground  into  a coarse  powder  by  two  large  cylinders 
of  stone,  revolving  in  a vertical  position,  like  those  used 
for  crushing  linseed-cake ; in  this  state  it  is  washed  and 
subjected  to  hydrostatic  pressure,  to  free  it  from  the 
saccharine  and  other  matters  which  would  injure  its 
dyeing  qualities.  When  properly  washed,  it  is  again 
dried,  and  submitted  to  the  action  of  another  pair  of 
stone  cylinders,  until  it  is  reduced  to  an  impalpable 
powder. 

The  washings  of  the  madder  at  the  dye-stuff  factory 
of  Messrs.  Arthur  and  Hinshaw  were  formerly  per- 
mitted, as  in  other  establishments,  to  flow  into  the 
nearest  canal,  or  other  reservoir  of  refuse ; but  now  it 
is  carefully  preserved,  and  distilled  into  a strong  spirit, 
which,  although  more  volatile  and  less  agreeable  to  the 
taste  than  that  distilled  from  malt  or  raw  grain,  may 
perhaps  be  found  equally  useful  for  various  manufactur- 
ing purposes. 

The  process  of  the  fabrication  is  exceedingly  simple : 
mere  washing  of  the  madder  supersedes  the  mash- 
ing of  the  grain  or  malt  in  common  distilleries.  The 
root  being  dried  and  ground,  as  already  stated,  is  mixed 
in  a series  of  vats  with  the  requisite  proportion  of  cold 
water,  or  water  at  the  ordinary  temperature.  These 
vats  are  three  feet  deep  by  five  or  six  in  diameter.  The 
mixture  is  effectually  rummaged  by  the  workmen  with 
instruments  resembling  large  hoes,  the  madder  being 
kept  in  a state  of  diffusion  in  the  liquid  until  it  is  con- 
ceived that  the  saccharine  matter  is  entirely  extracted. 
The  liquor  is  then  drawn  off  by  sluices,  and  the  vats 
being  fined  with  coarse  cloth,  it  percolates  through  that 
medium  as  a filter,  leaving  the  madder  behind,  to  be 
again  carefully  collected,  dried,  and  finally  ground  for 
the  use  of  the  dyer. 

When  the  madfier  liquor,  or  worts,  is  drawn  off,  it  is 
let  into  a kind  of  under-back,  from  which  it  is  imme- 
diately pumped  up  into  a large  fermenting  tun.  Two 
tons  of  madder  are  found  in  practice  to  yield  two  thou- 
sand five  himdred  gallons  of  liquor,  or  madder  worts,  of 
a density  equivalent  to  30°  by  Allan’s  saccharometer. 

The  fermenting  tun  being  filled  by  the  produce  of 
several  washings,  has  usually  begun  to  ferment  before 
it  receives  the  liquor  from  the  last  washings.  It  is  not 
a little  remarkable,  that  this  fermentation  of  the  madder 
liquor  commences  and  proceeds  spontaneously,  without 
the  addition  of  yeast,  or  the  application  of  heat.  No 
ferment  of  any  description  is  added,  and  the  water 
used  throughout  the  entire  process,  up  to  the  point  of 
distillation,  is  at  the  ordinary  temperature.  The  addi- 
tion of  yeast  has  been  tried,  but  without  any  sensible 
advantage,  either  in  promoting  the  fermentation,  or  in- 
creasing the  ultimate  yield  of  spirits.  In  consequence, 
however,  of  this  spontaneous  character  of  the  process, 
the  fermentation  is  slower  than  usual,  averaging  from 
six  to  eight  days  to  bring  the  worts  to  a proper  attenua- 
tion. This  is  conceived  to  be  accomplished  when  the 
gravity  of  the  worts  is  reduced  from  24°  to  12°. 

From  the  fermenting  tun  the  wash  is  immediately 
run  into  the  still,  and  the  rest  of  the  operation  proceeds 
as  in  the  distillation  of  malt  or  raw  grain  whisky.  The 
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still  used  is  Stein’s  patent,  and  is  somewhat  similar 
to  Coffey’s,  but  rather  more  complex  in  its  arrange- 
ments, and  possessing  the  undoubted  advantage  that 
it  may  be  applied,  with  equal  efficiency,  either  to  the 
distillation  of  malt  or  raw  grain  whisky.  From  this 
still  the  madder  spirit  is  drawn  off  at  one  operation; 
it  may  be  run  weaker  or  stronger,  but  is  generally 
taken  from  the  still  about  60°  to  64°  over  proof  by 
Sykes’  hydrometer. 

The  produce  from  two  tons  of  madder,  yielding,  as 
has  been  stated,  two  thousand  five  hundred  gallons  of 
liquor  at  30°,  is  about  sixty  gallons  of  spirit. 

The  madder  distillery  at  Glasgow,  to  which  the  pre- 
ceding details  more  especially  refer,  has  only  been  a 
few  months  in  operation,  and,  therefore,  the  ultimate 
success  of  the  experiment  cannot  yet  be  decided.  The 
high  duty  on  spirit  in  this  country  places  it  under  a 
great  disadvantage,  compared  with  the  French  distil- 
leries of  the  same  kind.  It  turns  to  account,  however, 
for  manufacturing  purposes  at  least,  an  otherwise  use- 
less substance,  hitherto  lost  to  the  community,  and,  as 
a remarkable  illustration  of  manufacturing  economy,  it 
certainly  ought  to  succeed. 

Another  New  Source  of  Spirit. — It  is  stated  that  the 
berries  of  the  Sorhus  Aucuparia  are  now  used  in  the 
North  of  France  for  the  production  of  spirit,  and  the  re- 
sult is  said  to  be  equal  to  the  purest  distillation  from 
grapes  for  brandy.  The  berries,  when  perfectly  ripe;  are 
first  exposed  to  the  action  of  cold  in  the  open  air,  then  put 
into  a wooden  vessel,  bruised,  and  boiling  water  poured 
on,  the  menstruum  being  stirred  until  it  has  sunk  in  tem- 
perature to  82°  Fahr.  A proper  quantity  of  yeast  is  then 
added,  the  whole  covered  and  left  to  ferment.  When 
the  action  has  terminated,  the  liquor  is  put  into  the 
still,  and  dra^vn  over  in  the  usual  way.  The  first  run- 
ning is  weak  and  disagreeable  in  flavor,  but  being  dis- 
tilled from  very  fresh  finely -powdered  charcoal,  in  the 
proportion  of  eight  or  nine  pounds  to  forty  gallons  of 
weak  spirit,  a very  fine  product  is  obtained.  The  char- 
coal should  remain  in  the  liquid  two  or  three  days  before 
the  second  distillation. 

Having  given  a full  account  of  the  different  kinds  of 
spirit,  the  reader  must  have  perceived  how  much  has 
still  to  be  accomplished  for  the  guidance  of  those  con- 
nected in  any  way  with  alcoholic  liquors.  It  is  to  the 
resources  of  Chemistry  that  one  must  look  for  such 
improvements.  The  chemist  first  lighted  the  distiller’s 
path  by  his  researches  on  the  essential  oOs  which  com- 
municate to  wines,  grain  spirit,  potato  spirit,  et  cetera, 
their  peculiar  bouquet,  and  by  a prosecution  of  his  labors 
he  procured  these  compounds  in  greater  abundance. 
Such  discoveries  led  to  the  artificial  imitation  or  forma- 
tion of  the  rarer  and  more  costly  liquors,  as  cognacs, 
genevas,  and  other  beverages  which,  on  account  of 
their  liigh  price,  are  attainable  only  by  the  affluent. 
It  is  to  be  regretted,  however,  that  those  engaged  in 
manufactures,  for  the  proper  management  of  which  there 
is  hourly  required  an  intimate  acquaintance  with  the 
several  reactions  of  bodies,  and  the  various  changes 
to  which  they  are  subject,  are  so  far  ignorant  of  the 
general  properties  of  even  those  very  substances  which 
are  daily  passing  through  their  hands,  that  it  is  not  un- 
common to  find  many  who  know  nothing  of  the  nature 
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of  their  products  beyond  the  mere  name.  The  conse- 
quence of  this  want  of  scientific  knowledge  in  the  seats 
of  art,  and  with  the  owners  or  conductors  of  factories, 
is,  that  in  many  instances  the  most  palpable  incohe- 
rency is  shown  in  the  methods  adopted ; a fact  mani- 
fested in  the  inferiority  of  some  of  the  industrial  pro- 
ducts of  this  nation  at  the  Great  Exhibition.  Successful 
competition  or  results,  in  any  fabrication,  can  only  be, 
attained  by  attentive  study;  indeed,  by  making  manu- 
facturers students  of  science.  Without  chemistry,  a pro- 
cess connected  therewith,  how  trivial  soever  it  may  be, 
cannot  prosper ; and  this  being  admitted,  it  is  surprising 
and  even  deplorable  that  the  archives  of  science  are  not 
oftener  consulted  by  persons  daily  witnessing  the  triumphs 
that  emanate  from  this  prolific  source ; instead  of  doing 
so,  many  assert  that  chemistry  is  of  no  use  to  them — that 
they  look  to  practice  for  improvements  and  advantages — 
in  fact,  they  are  ready  to  reject  it  in  toto,  as  being  nothing 
better  than  a visionary  speculation  of  some  few  dream- 
ing theorists.  No  one  will,  it  is  presumed,  impugn  the 
fact,  that  what  is  often  attributed  to  practice  is  really 
the  result  of  a long  investigation ; and  further,  that  the 
advances  made  at  a considerable,  or  rather  incredible 
sacrifice  of  capital  and  labor,  in  the  course  of  centuries, 
may  be  superseded  by  purely  theoretical  studies  in  a 
single  day.  In  truth,  most  of  those  who  speak  dispar- 
agingly of  scientific  and  theoretical  research  are,  tliough 
strangely  inconsistent,  ready  to  acknowledge  the  bene- 
fits conferred  upon  many  branches  of  industry  by 
chemical  discoveries. 

From  scientific  inquiries,  even  the  distillers  and  rec- 
tifiers of  spiritous  liquors  have  gathered  a rich  harvest 
of  experience,  inasmuch  as  they  have  been  made  better 
acquainted  with  the  nature  of  their  operations,  and  more 
qualified  to  procure  artificially  any  beverage  almost  in- 
stantaneously. But  many  of  this  class,  much  to  the  det- 
riment of  their  business  character,  pass  by  chemistry 
entirely;  the  consequence  of  which  is,  that  in  the  fabri- 
cation of  artificial  liquors  a most  absurd  course  is  often 
adopted,  and  mixtures  used,  in  favor  of  which  there  is 
neither  the  evidence  of  reason  nor  of  common  sense. 

Alcoholometey. — This  is  the  process  for  ascertain- 
ing the  centesimal  quantity  of  anhydrous  alcohol  in  a 
spiritous  liquid.  It  is  invariably  accomplished  by  de- 
termining the  specific  gravity  of  the  liquid,  but  then  it 
is  absolutely  necessary  that  only  alcohol  and  water 
should  be  present.  The  quantity  of  alcohol  in  spirit 
containing  much  volatile  oil  or  saccharine  matter,  et 
cetera,  cannot,  therefore,  be  at  once  found  by  their 
specific  gravity. 

With  the  view  of  being  able  to  calculate  the  absolute 
alcohol  included  in  a spiritous  liquid  from  its  specific 
gravity,  it  was  deemed  advisable  to  mix  anhydrous 
alcohol  and  water  in  the  different  proportions,  and  by 
experiments,  to  establish,  with  certainty,  the  specific 
gravity  of  these  mixtures.  Such  experiments  have 
been  gone  through  at  distinct  periods ; the  most  accurate 
and  complete  were  those  performed  by  Gilpin.  From 
Gilpin’s  conclusions,  aided  by  results  of  his  own, 
Tealles  constructed  the  tables  appended. 

The  per  centage  of  absolute  alcohol  may  be  stated 
by  one  of  two  methods ; namely,  by  weight  or  volume. 
Liquors  being  vended  by  measure  and  not  by  weight, 
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the  centesimal  amoimt  by  volume  is  usually  preferred. 
But  as  the  hulk  of  liquids  generally,  and  particularly 
that  of  alcohol,  increases  by  heat,  it  is  necessary  that 
their  reputed  richness  should  have  reference  to  some 
normal  temperature ; this  standard,  as  fixed  by  Tealles 
in  the  construction  of  his  tables,  is  60°  Fahr. 

By  weight  the  per  cent,  remains  the  same  at  aU  tem- 
peratures, while  the  per  cent,  by  volume  varies  with  the 
temperature  of  the  liquid ; and  this  entails  the  necessity 
of  having  the  sample,  in  the  course  of  being  tested, 
reduced  to  the  standard  degree  of  the  table  by  calcu- 
lation or  otherwise.  In  the  subjoined,  water  at  its 
maximum  density  is  taken  as  the  standard  for  specific 
gravity,  and  is  put  as  I’OOO,  which,  at  60°  Fahr.,  equals 
•9991. 


Table  I. 


Per  cent 
of  nlcohol, 
by  volume. 

Spec.  grav. 
of  the  liquid 
at 

Difference 
of  the 

spec,  gravs. 

Per  cent 
of  alcohol, 
by  volume 

Spec.  grav. 
ot  the  liquid 
at  €U®. 

Difference 
ol  the 

spec,  gravs. 

0 

0-9991 

51 

0-9315 

20 

1 

9976 

15 

52 

9295 

20 

2 

9961 

15 

53 

9275 

20 

3 

9947 

14 

54 

9254 

21 

4 

9933 

14 

55 

9234 

20 

5 

9919 

14 

56 

9213 

21 

6 

9906 

13 

57 

9192 

21 

7 

9893 

13 

58 

9170 

22 

8 

9881 

12 

59 

9148 

22 

9 

9869 

12 

60 

9126 

22 

10 

9857 

12 

61 

9104 

22 

11 

9845 

12 

62 

9082 

22 

12 

9834 

11 

63 

9059 

23 

13 

9823 

11 

64 

9036 

23 

14 

9812 

11 

65 

9013 

23 

15 

9802 

10 

66 

8989 

24 

16 

9791 

11 

67 

8965 

24 

17 

9781 

10 

68 

8941 

24 

18 

9771 

10 

69 

8917 

24 

19 

9761 

10 

70 

8892 

25 

20 

9751 

10 

71 

8807 

25 

21 

9741 

10 

72 

8842 

25 

22 

9731 

10 

73 

8817 

25 

23 

9720 

11 

74 

8791 

26 

24 

9710 

10 

75 

8765 

26 

25 

9700 

10 

76 

8739 

26 

26 

9689 

11 

77 

8712 

27 

27 

9679 

10 

78 

8685 

27 

28 

9668 

11 

79 

8658 

27 

29 

9657 

11 

80 

8631 

27 

30 

9646 

11 

81 

8603 

28 

31 

9634 

12 

82 

8575 

28 

32 

9622 

12 

83 

8547 

28 

33 

9609 

13 

84 

8518 

29 

34 

9596 

13 

85 

8488 

30 

35 

9583 

13 

86 

8458 

30 

36 

9570 

13 

87 

8428 

30 

37 

9556 

14 

88 

8397 

31 

38 

9541 

15 

89 

8365 

32 

39 

9526 

15 

90 

8332 

33 

40 

9510 

16 

91 

8299 

33 

41 

9494 

16 

92 

8265 

34 

42 

9478 

16 

93 

8230 

35 

43 

9461 

17 

94 

8194 

36 

44 

9444 

17 

95 

8157 

37 

45 

9427 

17 

96 

8118 

39 

46 

9309 

18 

97 

8077 

41 

47 

9391 

18 

98 

8034 

43 

48 

9373 

18 

99 

7988 

46 

49 

9354 

19 

100 

7939 

49 

50 

9335 

19 

The  third  column  of  this  table  exhibits  the  differences 
of  the  specific  gravities,  in  order  to  facilitate  the  calcu- 
lation of  fractions  of  per  centage  for  specific  gravities 
intermediate  between  those  stated  in  the  table — the 


difference  in  the  densities,  as  given  in  the  third  column, 
becoming  the  denominator  of  the  fraction,  and  the 
variation  between  the  next  and  greatest  specific  gra- 
vity in  the  table  and  that  of  the  liquid  in  question 
forming  the  numerator.  To  illustrate  this  method  of 
calculation  by  an  example,  let  it  be  supposed  that  the 
specific  gravity  of  a liquid  was  found  to  be  ’9260  at 
60°  Fahr.,  which  numbers,  according  to  the  table,  woxdd 
indicate  a per  centage  of  alcohol  between  fifty-three 
and  fifty-four,  or  fifty-three  and  a fraction  whose 
numerator  is  the  difference  between  '9275,  the  specific 
gravity  of  an  alcohol  fifty-three  per  cent.,  and  '9260, 
which  difference  equals  15;  this  number  forms  the 
numerator  of  the  fraction,  whose  denominator  is  the 
difference  between  the  specific  gravities  of  the  liquids 
containing  fifty-three  and  fifty-four  per  cent,  of  alcohol, 
and  which  in  the  foregoing  table  is  21 ; hence  the 
value  of  the  liquid,  specific  gravity  ‘9260,  is  53|f,  or 
53’71  per  cent. 

The  content,  by  weight,  of  alcohol  in  a liquid,  the 
centesimal  value  of  which  per  volume  has  been  found, 
is  ascertained  by  a simple  calculation.  This  operation 
is  done  by  multiplying  the  content  per  volume  of 
alcohol  into  the  specific  gravity  of  absolute  alcohol, 
and  dividing  the  product  by  the  specific  gravity  of  the 
liquid.  An  example  will  aid  the  reader  in  comprehend- 
ing the  manner  of  performing  the  work; — Suppose  an 
alcohol  of  fifty  per  cent,  by  volume,  whose  density, 
according  to  the  preceding  table,  is  '9335.  Absolute 
alcohol  in  the  table  is  '7939,  and  this  multiplied  by  50, 
and  the  product  divided  by  '9335,  gives  the  per  centage 
by  weight,  thus : — 

•7939  X 50  = 39-6950  -r-  -9335  = 42-5227  per  cent. 

It  necessarily  happens  that  alcoholic  liquors  are  seldom 
at  the  very  degree  of  the  thermometer  at  which  the 
preceding  table  has  been  drawn  up,  and  as  it  is  difficult 
to  bring  the  sample  to  mark  60°  Fahr.,  Teaeles,  for 
the  purpose  of  surmounting  this  obstacle,  constructed 
another  table,  wherein  the  volume  of  alcohol  is  given 
corresponding  with  the  temperature  of  the  liquid  at  the 
time  of  the  experiment. 


Table  II. 


Per  cent, 
byvolurae, 
of  absolute 
alcohoL 

Spec.  grav. 
of  the  liquid 
at  6U^. 

Increase  of  spec.  grav.  at  the  indicated  temperature 
below  60®. 

4-55® 

50® 

45® 

40® 

35® 

30® 

0 

0-9991 

4 

7 

9 

9 

9 

7 

5 

9919 

4 

7 

9 

10 

10 

9 

10 

9857 

5 

9 

12 

14 

15 

15 

15 

9802 

6 

12 

17 

21 

23 

25 

20 

9751 

8 

16 

23 

29 

35 

39 

25 

9700 

10 

21 

31 

39 

48 

56 

30 

9646 

13 

26 

39 

51 

62 

73 

35 

9583 

16 

31 

46 

61 

75 

89 

40 

9510 

18 

35 

52 

70 

87 

103 

45 

9427 

19 

39 

57 

76 

94 

112 

50 

9355 

20 

40 

60 

80 

99 

118 

55 

9234 

21 

42 

63 

84 

104 

124 

60 

9126 

22 

43 

65 

86 

107 

127 

65 

9013 

22 

45 

67 

88 

109 

130 

70 

8892 

22 

45 

68 

90 

112 

133 

75 

8765 

23 

46 

68 

91 

113 

135 

80 

8631 

23 

47 

70 

92 

115 

137 

85 

8488 

23 

47 

70 

93 

116 

139 

90 

8332 

24 

48 

71 

94 

117 

140 
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Table  IT. — Concluded. 


Per  cent,  grav. 

byvolume, 


Decrease  of  spec.  grav.  at  the  indicated  temperature 
abovt  dO®. 


of  absolute 
alcohoL 

at  60®. 

65® 

70° 

76® 

80® 

85® 

90® 

95® 

100® 

0 

0-9991 

1 

11 

17 

24 

32 

40 

50 

60 

5 

9919 

1 

11 

18 

25 

33 

42 

51 

62 

10 

9857 

6 

13 

20 

29 

37 

47 

57 

68 

15 

9802 

7 

15 

25 

34 

44 

55 

67 

79 

20 

9751 

9 

19 

30 

41 

53 

66 

79 

93 

25 

9700 

11 

24 

36 

50 

63 

78 

93 

109 

30 

9646 

14 

28 

43 

59 

75 

91 

108 

125 

35 

9583 

17 

33 

50 

68 

86 

104 

122 

141 

40 

9510 

18 

37 

56 

75 

94 

114 

136 

154 

45 

9427 

20 

40 

60 

80 

101 

122 

143 

154 

50 

9335 

21 

42 

63 

84 

106 

128 

150 

173 

55 

9234 

22 

43 

65 

87 

109 

132 

155 

178 

60 

9126 

22 

44 

67 

90 

113 

136 

159 

183 

65 

9013 

22 

45 

68 

92 

115 

138 

162 

187 

70 

8892 

23 

46 

69 

93 

117 

141 

165 

190 

75 

8765 

23 

46 

70 

94 

119 

143 

167 

192 

80 

8631 

23 

47 

71 

96 

120 

144 

169 

194 

85 

8488 

24 

48 

72 

96 

121 

145 

170 

195 

90 

8332 

24 

48 

72 

97 

121 

146 

171 

196 

A further  objection  to  these  tables  is,  that  the  specific 
gravity  of  the  mixtures  of  alcohol  and  water  at  elevated 
or  reduced  temperatures  is  not  the  real  but  the  apparent 
density.  The  cause  of  this  discrepancy  is,  that  the 
vessels  of  glass  or  copper  in  which  the  liquids  are 
weighed  are  liable  to  expand  or  contract  with  change 
of  temperature,  so  that  the  specific  gravity  of  the  liquid 
obtained  in  this  way  is  only  what  results  from  the 
difference  of  the  expansion  of  the  liquid  and  of  the 
vessel. 

Tralles  constructed  a third  table,  in  order  that  the 
per  centage  by  volume  in  an  alcoholic  liquid  might  be 
ascertained  from  the  more  uniform  arrangement  of  the 
numbers  denoting  the  specific  gravities. 

In  Table  III.  the  densities  are  given  of  the  several 
mixtures  from  30°  to  85°,  as  ascertained  by  a glass 
instrument ; hut  these  numbers,  by  the  aid  of  the  allow- 
ance, as  seen  in  Table  IV.,  can  he  made  to  correspond 
with  the  indications  of  a brass  alcoholometer. 


Table  III. 


Specific  gravity  of  the  liquid,  ascertained  by  glass  instruments,  at  the  indicated  temperatures. 


by  volume. 

30® 

85® 

40® 

45° 

60® 

65® 

60® 

65° 

70® 

75® 

80® 

85® 

0 

•9994 

•9997 

•9997 

•9998 

•9997 

•9994 

•9991 

•9987 

•9981 

•9976 

•9970 

•9962 

5 

9924 

9926 

9926 

9925 

9925 

9922 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9868 

9869 

9868 

9867 

9865 

9861 

9857 

9852 

9845 

9839 

9831 

9823 

15 

9823 

9822 

9820 

9817 

9813 

9807 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9786 

9782 

9777 

9772 

9766 

9759 

9751 

9743 

9733 

9723 

9713 

9701 

25 

9752 

9745 

9737 

9729 

9720 

9709 

9700 

9690 

9678 

9666 

9653 

9640 

30 

9715 

9705 

9694 

9683 

9671 

9658 

9646 

9633 

9619 

9605 

9590 

9574 

35 

9668 

9655 

9641 

9627 

9612 

9598 

9583 

9567 

9551 

9535 

9518 

9500 

40 

9609 

9594 

9577 

9560 

9544 

9527 

9510 

9493 

9474 

9456 

9438 

9419 

45 

9535 

9518 

9500 

9482 

9464 

9445 

9427 

9408 

9388 

9369 

9359 

9329 

50 

9449 

9431 

9413 

9393 

9374 

9354 

9335 

9315 

9294 

9274 

9253 

9232 

55 

9354 

9335 

9316 

9295 

9275 

9254 

9234 

9213 

9192 

9171 

9250 

9128 

60 

9249 

9230 

9210 

9189 

9168 

9147 

9126 

9105 

9083 

9061 

9039 

9016 

65 

9140 

9120 

9099 

9078 

9056 

9034 

9013 

8992 

8969 

8947 

8924 

8901 

70 

9021 

9001 

8980 

8958 

8936 

8913 

8892 

8870 

8847 

8825 

8801 

8778 

75 

8896 

8875 

8854 

8832 

8810 

8787 

8765 

8743 

8720 

8697 

8673 

8649 

80 

8764 

8743 

8721 

8699 

8676 

8653 

8631 

8609 

8585 

8562 

8538 

8514 

85 

8623 

8601 

8579 

8556 

8533 

8510. 

8488 

8465 

8441 

8418 

8394 

8370 

90 

8469 

8446 

8423 

8401 

8379 

8355 

8332 

8309 

8285 

8262 

8238 

8214 

Table  IV. 


To  be  subtracted. 

To  be  added. 

30® 

35® 

40® 

45® 

60® 

66® 

60® 

66® 

70® 

76® 

80® 

85® 

•0005 

•0004 

•0003 

•0002 

■0002 

•0001 

— 

•0001 

•0002 

•0002 

•0003 

•0004 

The  necessity  for  using  Table  IV.  arises  from  the 
discrepancy  in  the  contraction  or  expansion  of  glass  or 
brass  at  different  temperatures,  occasioning  variation 
in  the  density ; hence  these  numbers  must  be  added 
or  subtracted,  as  directed,  according  to  the  temperature, 
when  a brass  instrument  is  employed. 

It  occurs  that  liquids  are  tested  whose  temperature 
and  specifie  gravity  are  intermediate  between  those 
instanced  in  the  preceding  table,  and  in  this  case  the 
corresponding  content  of  alcohol  must  be  formd  by  an 
inconvenient  method  of  calculation.  To  give  an  ex- 
ample : — Let  it  be  supposed  that  the  specific  gi'avity  of 
an  alcoholic  solution  has  been  found  by  experiment  to 
be  ’9320  at  a temperature  of  72°  Fahr.  In  the  column 
under  70°,  the  specific  gravity  '9388  is  that  which  is 
next  over  the  above  number,  and  in  the  column 


under  75°  the  gravity  nearest  to  it  is  '9369,  both  of 
which  exceed  ’9320 — the  former  by  ‘OOGd,  and  the  latter 
by  '0049.  The  difference  between  these  two  numbers  is 
•0019,  which  is  the  variation  for  5°,  or  between  70°  and 

75°,  and  by  dividing  by  5,  the  quotient  is  ■ ^ , the  dif- 
ference for  each  degree.  As  the  temperature  of  the 
liquid  under  examination  is  72°,  or  2°  over  70°,  it  is 
necessary  to  reduce  the  specific  gravity  to  what  it  would 
indicate  were  the  liquid  at  70°,  by  adding  a multiple  of 

— ^ by  2,  or  — ^ = -0007f  to  the  specific  gravity 

obtained — •9320 — which  would  make  it  ^93271,  or, 
omitting  fractions,  ^9327.  By  referring  to  the  table, 
will  be  seen  in  the  horizontal  column  opposite  45  per 
cent,  of  alcohol,  and  under  70°,  the  specific  gravity 
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•9388,  and  in  the  same  column,  in  a line  with  50  per 
cent,  of  spirit,  ’9294,  whose  difference  from  the  fore- 
going is  '0094 ; thus  the  variation  in  gravity  at  the 
same  temperature,  for  5 per  cent,  of  alcohol,  is  '0094. 
In  like  manner,  the  difference  of  ’9388  and  '9327,  the 
reduced  gravity  for  the  liquid  specified,  is  ‘0061 ; and 
since  5 per  cent,  of  spirit  has  been  shown  to  corre- 
spond with  '0094,  it  is  found,  by  simple  proportion,  that 
•0061  will  he  equivalent  to  3^24  per  cent.,  and  this, 
added  to  45  per  cent.,  the  spirit  in  the  liquid  of  gravity 
next  preceding  that  which  is  supposed  to  he  ascer- 
tained, gives  48^24  as  the  per  centage  by  volume  of 
alcohol.  Numerically — 

•9388  — -9320  = -0068,  and 
•9369  — -9320  = -0049. 

By  subtracting  the  lesser  of  these  from  the  greater, 
videlicet,  -0068  — -0049  = -0019,  the  difference  for  the 
5°  between  70°  and  75°  Fahr.,  giving  for  each  degree 


•0019 
5 ’ 


and  to  reduce  the  corresponding  gravity  of  the 


liquid  at  72°  to  that  of  70°,  there  must  he  added  to  it 

X 2 (=  72  —70)  = = -0007f ; and  thus 

0 o 


one  obtains  -9320  + -0007|^  = '9327f , or,  omitting  frac- 
tions, -9327.  Again, 

•9388  — -9294  = -0094,  and 
•9388  — -9327  = -0061. 


And  since  the  former  indicates  a difference  of  5 per 
cent,  in  the  ammmt  of  alcohol,  at  the  same  temperature, 
the  equivalent  for  -0061  under  similar  circumstances 
is_ obtained  by  simple  proportion,  exempli  gratia; 

As  94  : 5 : : 61 : 3^24,  which,  when  added  to  45,  gives 
48^24,  the  content  per  cent,  by  volume  of  alcohol  in 
the  liquid.  From  aU  the  tables  in  the  foregoing  for 
the  determination  of  the  volume  of  alcohol  in  a liquid, 
at  whatever  temperature  it  may  stand,  it  is  seen  that 
reference  is  always  had  to  the  per  centage  at  the  normal 
temperature  of  60°  Fahr.  Hence,  in  examining  an 
alcoholic  hquid  for  its  true  content  of  pure  alcohol,  the 
heat  must  be  diminished  to  60°,  or  else  the  temperature 
noted  at  the  time  of  experiment,  and  then  by  calcula- 
tion reduced  to  60° ; or  the  content  of  alcohol  at  60° 
may  be  found  as  in  Table  II.,  where  the  specific  gravity 
at  the  different  temperatures  is  in  inverse  proportion  to 
the  volume  of  alcohol. 

To  avoid  this  calculation,  Tralles  calculated  an- 
other table,  which  gives  the  content  in  volume  of 
absolute  alcohol  in  a liquid,  reference  being  had  to 
the  bulk  of  the  hquid  at  the  temperature  at  which  it  is 
measured. 

For  the  prevention  of  error,  it  is  absolutely  necessary 
to  determine  the  specific  gravity  of  the  hquid  at  the 
same  degree  at  which  it  stands  when  measured;  a glass 
instrument  should  be  employed. 


Table  V. 

To  ascertain  at  any  temperature,  from  the  specific  gravity,  the  quantity  of  absolute  alcohol  in  a liquid  expressed  in  volume 

centesimally,  at  the  indicated  temperature. 

I 


Specific  gravity  of  the  liquid,  ascertained  by  glass  instruments,  at  the  Indicated  temperatures. 


in  tbo  liquid  as 
measured. 

80® 

85® 

40® 

45® 

60® 

65® 

60® 

65® 

70® 

75® 

80® 

85® 

0 

0-9994 

•9997 

•9997 

•9998 

•9997 

•9994 

•9991 

•9987 

•9981 

•9976 

•9970 

•9962 

5 

9924 

9926 

9926 

&926 

9925 

9922 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9868 

9869 

9868 

9867 

9865 

9861 

9857 

9852 

9845 

9839 

9831 

9823 

15 

9823 

9822 

9820 

9817 

9813 

9807 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9786 

9782 

9777 

9772 

9766 

9759 

9751 

9743 

9733 

9722 

9711 

9700 

25 

9753 

9746 

9738 

9729 

9720 

9709 

9700 

9690 

9678 

9665 

9652 

9638 

30 

9717 

9707 

9695 

9684 

9672 

9659 

9646 

9632 

9618 

9603 

9588 

9572 

35 

9671 

9658 

9644 

9629 

9614 

9599 

9583 

9566 

9549 

9532 

9514 

9495 

40 

9615 

9598 

9581 

9563 

9546 

9528 

9510 

9491 

9472 

9452 

9433 

9412 

45 

9544 

9525 

9506 

9486 

9467 

9447 

9427 

9406 

9385 

9364 

9342 

9320 

50 

9460 

9440 

9420 

9399 

9378 

9356 

9335 

9313 

9290 

9267 

9244 

9221 

55 

9368 

9347 

9325 

9302 

9279 

9256 

9234 

9211 

9187 

9163 

9139 

9114 

60 

9267 

9245 

9222 

9198 

9174 

9150 

9126 

9102 

9076 

9051 

9026 

9000 

65 

9162 

9138 

9113 

9088 

9063 

9038 

9013 

8988 

8962 

8936 

8909 

8882 

70 

9046 

9021 

8996 

8970 

8944 

8917 

8892 

8866 

8839 

8812 

8784 

8756 

75 

8925 

8890 

8873 

8847 

8820 

8792 

8765 

8738 

8710 

8681 

8652 

8622 

80 

8798 

8771 

8744 

8716 

8688 

8659 

8631 

8602 

8573 

8544 

8514 

8483 

85 

8663 

8635 

8606 

8577 

8547 

8517 

8488 

8458 

8427 

8396 

8365 

8333 

90 

8517 

8486 

8455 

8425 

8395 

8363 

8332 

8300 

8268 

8236 

8204 

8171 

Table  VI. 


To  be  added. 

To  be  subtracted. 

30® 

86® 

40® 

45® 

60® 

65® 

60® 

65® 

70® 

75® 

80® 

85® 

•0005 

•0004 

•0003 

•0002 

•0002 

•0001 

— 

•0001 

•0002 

•0002 

•0003 

•0004 

For  the  reasons  assigned  under  Tables  HI.  and  IV., 
the  niunbers  in  Table  VI.  must  he  added  or  subtracted, 
as  may  be  deemed  necessary,  to  or  from  the  specific 
gi-avities  given  in  Table  V.,  according  to  the  tem- 
perature. 

From  the  above  tables,  the  true  content  of  alcohol 


in  a liquor,  or  its  richness,  may  be  ascertained  by  the 
specific  gravity. 

It  win  be  as  weU  to  consider  here  the  plan  pursued 
for  ascertaining  with  accuracy  the  specific  gravity  of 
the  various  liquids.  Invariably,  the  density  is  found 
by  one  of  two  methods — either  by  actually  weighing 
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a portion  of  the  liquor  in  an  accurate  specific  gravity 
bottle,  or  by  hydrometer. 

The  latter  is  better  adapted,  as  it  affords  a more 
expeditious  means  of  finding  the  density  in  practice. 
Various  hydrometers  are  employed,  the  principal  ones 
being  Beaum^’s,  Sykes’,  and  Dicas’,  all  of  which  have 
corresponding  tables  to  indicate  the  quantities  of  alco- 
hol according  to  the  gravity.  It  being  thought  more 
convenient  and  simple  to  have  an  instrument  which 
would  indicate  at  once  the  content  of  alcohol,  one  was 
formed,  partly  on  the  plan  of  the  hydrometer,  to  which 
the  term  alcoholometer  has  been  applied;  it  may  be 
made  either  of  glass  or  brass.  Tralles,  in  construct- 
ing one  of  these  instruments,  has  drawn  up  the  annexed 
alcoholometric  table  for  guidance,  which  shows,  from 
the  portion  of  the  stem  immersed  in  the  liquor,  the 
content  of  alcohol  at  60°  Fahr. 


Table  VII. 


S 

Cm 

•a| 

c > 

:ngth  ot 
rsed  part 
stem. 

« M?  a 

■*i'o 

"si 

tfl 

sSSa 

,3| 

£■§■3  ^ 

".S' 

ft 

£ 

M 

5 " 

•9  I 

Q “ 

0 

9 

51 

735 

23 

1 

24 

15 

52 

758 

23 

2 

39 

15 

53 

782 

24 

3 

54 

15 

54 

806 

24 

4 

68 

14 

55 

830 

24 

5 

82 

14 

56 

854 

24 

6 

95 

13 

57- 

879 

25 

7 

108 

13 

58 

905 

26 

8 

121 

13 

59 

931 

26 

9 

133 

12 

60 

957 

26 

10 

145 

12 

61 

984 

27 

11 

157 

12 

62 

1011 

27 

12 

169 

12 

63 

1039 

28 

13 

180 

11 

64 

1067 

28 

14 

191 

11 

65 

1096 

29 

15 

202 

11 

66 

1125 

29 

16 

213 

11 

67 

1154 

29 

17 

224 

11 

68 

1184 

30 

18 

235 

11 

69 

1215 

31 

19 

245 

10 

70 

1246 

31 

20 

256 

10 

71 

1278 

32 

21 

266 

10 

72 

1310 

32 

22 

277 

11 

73 

1342 

32 

23 

288 

11 

74 

1375 

33 

24 

299 

11 

75 

1409 

34 

25 

310 

11 

76 

1443 

34 

26 

321 

11 

77 

1478 

35 

27 

332 

11 

78 

1514 

36 

28 

344 

12 

79 

1550 

36 

29 

3.55 

11 

80 

1587 

37 

30 

367 

12 

81 

1624 

37 

31 

380 

13 

82 

1662 

38 

32 

393 

13 

83 

1701 

39 

33 

407 

14 

84 

1740 

39 

34 

420 

13 

85 

1781 

41 

35 

434 

14 

86 

1823 

42 

36 

449 

15 

87 

1866 

43 

• 37 

465 

16 

88 

1910 

44 

38 

481 

16 

89 

1955 

45 

39 

498 

17 

90 

2002 

47 

40 

515 

17 

91 

2050 

48 

41 

533 

18 

92 

2099 

49 

42 

551 

18 

93 

2150 

51 

43 

569 

18 

94 

2203 

53 

44 

588 

19 

95 

2259 

56 

45 

608 

20 

96 

2318 

59 

46 

628 

20 

97 

2380 

62 

47 

648 

20 

98 

2447 

67 

48 

669 

21 

99 

2519 

72 

49 

690 

21 

100 

2597 

78 

60 

712 

22 
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In  the  practical  apphcation  of  the  preceding  table, 
when  graduating  the  alcoholometer,  it  is  requisite  to 
have  two  hquids  of  a standard  strength  and  temperature. 

Distilled  water  may  be  one  of  these,  and  the  other 
any  alcoholic  liquor,  the  per  centage  of  which  has 
been  precisely  determined,  but  it  is  necessary  that 
both  should  be  at  60°.  The  level  at  which  the  instru- 
ment stands  in  each  shoifid  be  scratched  on  the  stem, 
and  the  intermediate  space  accurately  divided  ac- 
cording to  the  strength  of  the  liquid.  If  the  alcoholic 
hquor  be  forty-nine  per  cent.,  and  the  distance  be- 
tween the  point  to  which  the  instrument  immerses  in 
this  liquid  and  water  be  divided  into  690  — 9 = 681 
equal  parts,  the  addition  of  twenty-two  such  parts  will 
indicate  the  point  for  fifty  per  cent.,  and  twenty- three 
more  for  fifty-one  per  cent.,  and  so  on,  as  is  seen  in 
the  third  column  in  the  table.  By  adding  nine  such 
divisions  below  zero,  or  the  water-level  mark,  the  point 
is  attained  from  which  the  numbers  in  the  second 
column  in  the  table  are  calculated  for  each  succeeding 
per  cent,  of  sphit. 

In  graduating  the  scale,  it  woifid  perhaps  be  more 
convenient  to  have  two  instruments ; one  to  have  indi- 
cations denoting  a per  centage,  say,  from  one  to  eighty, 
and  the  other  from  the  latter  up  to  pure  alcohol.  For 
this  end  it  would,  however,  be  absolutely  necessary  to 
adjust  the  instrument  having  the  higher  indications, 
with  two  liquids  at  the  normal  degree  of  temperature  of 
the  preceding,  whose  per  centage  of  alcohol  should  be 
eighty  and  a hundred ; then,  to  observe  the  points  to  which 
it  sinks  in  these,  and  divide  the  intermediate  space  into 
measures  corresponding  with  those  in  the  table. 

In  constructing  one  of  these  alcoholometers,  it  is 
necessary  to  have  the  stem  as  uniform  as  possible,  but 
tubes  varying  between  one-thirtieth  or  one-twentieth 
of  the  diameter  may  be  used.  When  this  alcoholo- 
meter is  employed,  the  temperature  of  the  liquid  must 
be  at  60°,  else  the  results  will  be  incorrect ; for  if  the 
degree  should  differ  from  the  above,  the  centesimal 
amount  of  alcohol  cannot  be  ascertained  by  taking  the 
specific  gravity  corresponding  with  the  spirit  indicated 
by  the  alcoholometer,  and,  therefore,  the  true  per 
centage  is  calculated  from  this  gravity  in  the  usual 
way,  by  Tables  III.  or  IV.,  as  in  the  foregoing. 

To  dispense  with  the  trouble  of  such  a calculation, 
Tralles  devised  another  table,  by  which  the  real 
per  centage  of  alcohol  is  found  in  liquids  of  different 
temperatures,  from  the  results  exhibited  by  the  instru- 
ment. This  table  is  given  below,  Table  VIII.,  and  cor- 
responds with  Table  III.  in  the  preceding. 

The  numbers  in  the  vertical  columns  under  the  tem- 
peratures, are  the  observed  degrees  of  the  alcoholo- 
meter, and  indicate  the  per  centage  of  the  absolute 
alcohol  by  volume.  If  an  alcohohc  liquid  at  a tempera- 
ture of  75°  be  found  to  contain  62 ’9  per  cent,  by  volume, 
by  reference  to  the  table  its  true  per  centage  at  60°  is  60. 

Tables  IX.  and  X.  following,  give  the  richness  per 
cent,  by  volume  of  the  liquid  at  the  temperature  it 
possesses  when  tested.  They  correspond  with  Table 
V . in  the  preceding,  and,  like  that,  it  is  necessary  that 
the  solution  should  be  tested  at  exactly  the  same  tem- 
perature at  which  it  is  measured.  Table  IX.  is  for  a 
glass,  and  Table  X.  for  a brass  alcoholometer. 
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Table  VIII. 

To  find  the  true  per  centage  of  absolute  alcohol  hy  volume,  in  a liquid  at  60°,  from  the  observed  per  centage  indicated  by  a glass 

alcoholometer  at  any  other  temperature. 


so® 

35® 

40® 

45® 

60® 

65® 

60® 

60® 

65® 

70® 

76® 

80® 

85® 

— 0-2 

— 0-4 

— 0-4 

— 0-5 

— 0-4 

— 0-2 

0 

0 

4 0-2 

■4  0-6 

+ 1-0 

+ 1-4 

+ 1-9 

4-  4-G 

+ 4-5 

+ 4-5 

4-  4-3 

4-  4-6 

+ 4-8 

5 

5 

5-3 

5-8 

6-2 

6-7 

7-3 

9-1 

9-0 

9-1 

9-2 

9-3 

9-7 

10 

10 

10-4 

11-0 

11-6 

12-3 

13-0 

13-0 

13-1 

13-3 

13-5 

13-9 

14-5 

15 

15 

15-6 

16-3 

17-1 

18-0 

19-0 

16-5 

16-9 

17-4 

17-8 

18-5 

19-2 

20 

20 

20-8 

21-8 

22-8 

23-8 

24-9 

19-9 

20-6 

21-4 

22.2 

23-0 

24-1 

25 

25 

25-9 

27-0 

28-2 

29-4 

30-5 

23-5 

24-5 

25-7 

26-6 

27-7 

28-8 

30 

30 

31-1 

32-2 

33-4 

34-5 

35-7 

28-0 

29-2 

30-4 

31-6 

32-7 

33-8 

35 

35 

36-2 

37-3 

38-4 

39-5 

40-6 

33-0 

34-2 

35-4 

36-7 

37-8 

39-0 

40 

40 

41-1 

42-2 

43-3 

44-3 

45-4 

38-4 

39-6 

40-7 

41-8 

42-9 

43-9 

45 

45 

46-1 

47-1 

48-2 

49-2 

50-3 

43-7 

44-7 

45-8 

46-9 

47-9 

49-0 

50 

50 

51-0 

52-0 

53-0 

54-0 

55-1 

49-0 

50-0 

51-0 

52-0 

53-0 

54-0 

55 

55 

54  9 

56-9 

57-9 

58-9 

59-9 

54-2 

55-2 

56-2 

57-1 

58-1 

59-0 

60 

60 

60-9 

61-9 

62-9 

63-8 

64-9 

59-4 

60-3 

61-2 

62-2 

63-1 

64-0 

65 

65 

65-9 

66-8 

67-7 

68-6 

69-6 

64-6 

65-5 

66-4 

67-3 

68-2 

69-1 

70 

70 

70-8 

71-7 

72-6 

73-5 

74-5 

69-8 

70-7 

71-5 

72-4 

73-3 

74-2 

75 

75 

75-8 

76-7 

77-6 

78-4 

79-3 

75-0 

75-8 

76-6 

77-5 

78-4 

79-2 

80 

80 

80-8 

81-7 

82-4 

83-2 

84-1 

80-3 

81-1 

81-8 

82-6 

83-5 

84-3 

85 

85 

85-7 

86-5 

87-3 

88-0 

88-8 

85-6 

86-4 

87-1 

87-9 

88-6 

89-3 

90 

90 

90-7 

91-4 

92-0 

92-7 

93-4 

Table  IX. 

To  find  the  true  per  centage  of  absolute  alcohol  hy  volume,  in  a liquid  of  any  temperature,  from  the  observed  per  centage  indicated 

by  the  glass  alcoholometer  at  the  same  temperature. 


True  per  cent 


Observed  per  cent  indicated  hy  the  glass  aleoholometcr. 


by  volume, 
at  6u®  Falir. 

30® 

S5® 

40® 

45® 

60® 

65® 

65® 

70® 

75® 

80® 

86® 

0 

— 0-2 

— 0-4 

— 0-4 

— 0-5 

— 0-4 

— 0-2 

+ 0-2 

4 0-6 

+ 1-0 

+ 1-4 

+ 1-9 

5 

4 4-6 

4 4'5 

4 4-5 

+ 4-5 

4 4-6 

4 4-8 

5-3 

5-8 

6-2 

6-7 

7-3 

10 

9-1 

9-0 

9-1 

9-2 

9-3 

9-7 

10-4 

11-0 

11-6 

12-3 

13-0 

15 

13-0 

13-1 

13-3 

13-6 

14-1 

14-5 

15-6 

16-3 

17-1 

18-0 

19-0 

20 

16-5 

16-9 

17-4 

17-9 

18-5 

19-2 

20-8 

21-8 

22-9 

23-9 

25-0 

25 

19-8 

20-5 

21-3 

22-2 

23-0 

24-1 

25-9 

27-1 

28-3 

29-5 

30  7 

30 

23-3 

24-3 

25-5 

26-5 

27-6 

28-8 

31-2 

32-3 

33-5 

34-6 

35-9 

35 

27-7 

28-9 

30-2 

31-4 

32-6 

33-8 

36-3 

37-5 

38-6 

39-7 

40-9 

40 

32-5 

33-8 

35-1 

36-5 

37-7 

38-9 

41-2 

42-4 

43-5 

44-6 

45-8 

45 

37-8 

39-1 

40-3 

41-5 

42-7 

43-8 

46-2 

47-3 

48-5 

49-6 

50-8 

50 

43-1 

44-2 

45-4 

46-6 

47-7 

48-9 

51-1 

52-2 

53-4 

54-5 

55-6 

55 

48-3 

49-4 

50-5 

51-6 

52-8 

53-9 

56-1 

57-2 

58-3 

59-4 

60-5 

60 

53-4 

54‘5 

55-6 

56-7 

57-8 

58-9 

61-1 

62-2 

63-3 

64-4 

65-5 

65 

58-4 

59-5 

60-6 

61-7 

62-8 

63-9 

66-0 

67-1 

68-2 

69-3 

70-4 

70 

63-5 

64-6 

65-7 

66-8 

67-9 

69-0 

71-0 

72-1 

73-2 

74-3 

75-4 

75 

68-6 

69-7 

70-7 

71-8 

72-9 

74-0 

76-0 

77-1 

78-2 

79-2 

80  3 

80 

73-7 

74-8 

75-8 

76-9 

78-0 

79-0 

81-0 

82-1 

83-1 

84-1 

85-2 

85 

78-8 

79-8 

80-9 

81-9 

83-0 

84-0 

86-0 

87-0 

88-0 

89-0 

90-0 

90 

84-0 

85-1 

86-1 

87-1 

88-1 

89.1 

91-0 

91-9 

92-8 

93-7 

94-6 

Thus,  if  the  alcoholometer  iadicated  59'4  per  cent,  in  I — richness — to  55  per  cent.,  that  is,  100  volumes  of  the 
a liquid  at  80°,  the  table  would  give  its  true  per  centage  I liquid,  at  80°,  contain  55  volumes  of  anhydrous  alcohol. 

Table  X. 

To  find  the  true  per  centage  of  absolute  alcohol  in  a liquid  of  any  temperature,  from  the  observed  per  centage  indicated  hy  a 

brass  alcoholometer  at  the  same  temperature. 


Observed  per  cent,  indicated  by  the  brass  alcoholometer. 


alcohol 

volume. 

30® 

S5® 

40® 

45® 

60® 

65® 

65® 

70® 

76® 

80® 

85® 

0 

— 0-1 

— 0-1 

— 0-2 

— 0-3 

— 0-3 

— 0-2 

4 0-2 

4 0-5 

4 0-9 

+ 1-2 

+ 1-7 

5 

4 5-0 

4 4-8 

+ 4-7 

4 4-8 

+ 4-7 

4 4-8 

5-2 

5-6 

6-1 

6-5 

7-0 

10 

9-5 

9-4 

9-4 

9-4 

9-5 

9-7 

10-3 

10-8 

11-4 

12-0 

12-6 

15 

13-5 

13-5 

13-6 

13-7 

14-0 

14-6 

15-5 

16-2 

17-0 

17-7 

18-6 

20 

17-0 

17-3 

17-7 

18-1 

18-7 

19-3 

20-7 

21-6 

22-7 

23-7 

24-0 

25 

20-3 

20-9 

21-6 

22-4 

23-3 

24-2 

25-8 

26-9 

28-1 

29-2 

30-3 

30 

23-8 

24-7 

25-8 

26-8 

27-8 

28-9 

31-1 

32-2 

33-3 

34-4 

35-5 

35 

28-2 

29-3 

30-4 

31-6 

32-8 

33-9 

36-2 

37-3 

38-4 

39-5 

40-7 

40 

32-9 

34-1 

35-4 

36-7 

37-9 

39-0 

41-1 

42-2 

43-4 

44-5 

45-6 

45 

38T 

39-3 

40-4 

41-6 

42-7 

43-9 

46-1 

47-2 

48-3 

49-4 

50-5 

50 

43-4 

44-5 

45-6 

46-7 

47-8 

48-9 

51-1 

52-2 

53-3 

54-4 

55-5 

55 

48-5 

49-6 

50-7 

51-8 

52-9 

54-0 

56-0 

57-1 

58-2 

59-3 

60-4 

60 

53-6 

54-6 

55-7 

56-8 

57-8 

58-9 

61-0 

62-1 

63-2 

64-3 

65-3 

65 

58-6 

59-7 

60-7 

61-8 

62-8 

63-9 

66-0 

67-1 

68-1 

69-2 

70-2 

70 

63-7 

64-8 

65-8 

66-9 

67-9 

69-0 

71-0 

72-1 

73-1 

74-2 

75-2 

75 

68-8 

69-8 

70-9 

71-9 

72-9 

74-0 

76-0 

77-0 

78-1 

79-1 

80  1 

80 

73-9 

74-9 

75-9 

76-9 

78-0 

79-0 

81-0 

82-0 

83-0 

84-0 

85-0 

85 

79-0 

80-0 

81-0 

82-0 

83-0 

84-0 

86-0 

87-0 

88-0 

88-9 

89-9 

90 

84-2 

85-2 

86-2 

87-2 

88-1 

89.1 

90-9 

91-9 

92-8 

93-7 

94-5 
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The  preceding  ten  tables  of  Tralles  contain  all  that 
is  requisite  for  the  determination  of  the  volume  of 
alcohol  in  a liquid ; they  have  been  constructed  on  the 
principle  of  the  tables  of  Gilpin.  Since  their  con- 
struction, however,  fmdher  extensive  researches  have 
been  instituted  by  various  eminent  chemists,  among 
whom  was  the  famous  Gay-Lussac,  whose  investiga- 
tions had  been  made  in  1824.  The  tables  drawn  up 
by  that  chemist  are  much  more  extensive,  requiring 
scarcely  any  interpolation. 

Gay-Lussac’s  instrument,  called  an  alcoometre,  is 
like  a glass  hydrometer,  the  stem  of  which  is  divided 
into  degrees  like  that  of  Tralles,  to  indicate  the  per 
centage  of  alcohol  by  volume,  but  the  temperature  at 
which  the  gradation  was  made  was  15°  C.  or  59°  Fahr., 
instead  of  60°  Fahr.,  as  the  normal  temperature  of 
Tralles’  tables. 

At  this  temperature,  water  is  supposed  to  be  at  its 
maximum  density  or  unity,  although  this  actually 
happens  when  the  temperature  is  reduced  to  39 '83° 
Fahr.  The  stem  of  the  instrument  is  divided,  from 
tlie  point  at  which  it  stands  in  water,  into  one  hun- 
dred diwsions,  so  that  each  on  the  scale  is  equal  to  a 
per  cent,  of  alcohol ; the  hundredth  division  indicates 
pure  or  absolute  alcohol,  while  0 or  zero  equals  pure 
water. 

The  instrument,  if  immersed  in  an  alcoholic  liquor 
at  59°,  marks  the  strength  by  the  number  of  degrees 
below  the  surface;  thus,  if  the  alcoholometer  stands  at 
57  in  a liquid  at  59°,  such  a solution  contains  57  per 
cent,  by  volume  of  alcohol. 

In  consequence  of  the  assumed  density  of  water, 
taken  by  Gay-Lussac  at  59°,  the  fundamental  num- 
bers for  determining  the  relation,  the  per  centage  of 
alcohol  and  the  specific  gravities,  are  in  a slight  degree 
different  from  those  of  Tralles,  but  the  variation  is  so 
minute  that  in  practice  it  may  be  overlooked. 

In  the  annexed  table  the  fimdamental  numbers  of 
the  centesimal  content  per  volume,  together  with  the 
specific  gravities  of  the  different  alcoholic  mixtures 
at  59°,  are  given : 


Per  cent, 
of  alcoliol 
by  volume. 

Specific  gravity 
of  the  liquid 
at  59«. 

Per  cent, 
of  alcohol 
by  volume. 

Specific  graWty 
of  the  liquid 
at  59®. 

100 

0-7947 

60 

0-9141 

95 

0-8168 

55 

0-9248 

90 

0-8346 

50 

0-9348 

85 

0-8502 

45 

0-9440 

80 

0-8645 

40 

0-9523 

75 

0-8799 

35 

0-9595 

70 

0-8907 

10 

0-9656 

65 

0-9027 

0 

1-0000 

The  first  table  by  Gay-Lussac  is  denominated 
Table  for  the  real  strength  of  spirits,  and  corresponds 
with  Table  VIII.  of  Tralles.  This  table  gives  the 
true  per  centage  by  volume  at  59°  from  the  observed 
per  centage  of  the  alcoholometer  at  any  other  tem- 
perature. Two  numbers  are  placed  in  the  same  hori- 
zontal column,  and  vertical  to  each  other : those  in 
the  top  are  the  observed  centesimal  quantities  of  the 
alcoholometer,  while  the  large  figures  in  the  vertical 
column  below  them,  give  the  real  per  centages  at  59°, 
when  tested  at  the  temperature  found  in  the  left-hand 


vertical  column.  The  numbers  in  small  figures  beneath 
the  real  per  centages  denote  the  bulk  at  59°  of  a thou- 
sand measures  of  liquid;  this  number,  multiplied  by 
the  real  per  centage  under  which  it  stands,  gives  the 
richness,  or  absolute  quantity  of  alcohol  at  the  tem- 
perature at  which  the  experiment  is  performed.  To 
read  the  table,  suppose  an  alcoholic  liquid  of  50  strength 
indicated  by  the  alcoholometer  at  a temperature  of 
68°  Fahr.,  the  observed  per  centage — 50 — is  smight 
in  the  horizontal  column  at  the  top;  in  the  vertical 
column  beneath  this  and  on  a line  with  68°,  in  the 
temperature  column  at  the  left  hand,  will  be  found  the 
number  48'2,  which  is  the  quantity  of  real  spirit  at  59°. 
The  number  996,  in  small  figures  below  the  indicated 
strength  at  59°,  is  the  bulk  or  volume  which  a thousand 
volumes  would  occupy  at  the  standard  temperature; 
and  by  multiplying  this  number  by  the  proper  strength, 
and  dividing  the  product  by  a thousand,  the  strength  or 
true  volume  of  spirit  in  a thousand  of  the  liquid  is 
ascertained;  thus — 

996  X 48-2  = 48007'2  -j-  1000  = 48-00,  the  per  centage; 

hence,  a hundred  volumes  of  the  liquor  at  68°,  contain 
48  volumes  of  absolute  alcohol  at  59°. 

M.  Morazeau  constructed  a table  somewhat  more 
in  detail  than  the  foregoing,  with  one  of  Gay-Lussac’s 
alcoholometers,  which  differs  shghtly  from  the  preceding 
in  the  figures  denoting  the  density,  although  they  have 
reference  to  the  same  temperature. 

When,  however,  the  liquors  to  be  tested  stand  at  a 
higher  degree  than  59°,  no  provision  is  made  to  afford 
the  true  content  of  spirit,  which  must  be  sought,  in  this 
case,  either  by  other  tables,  or  by  the  tedious  calcula- 
tion exemplified  on  a former  occasion. 


Per  cent 
of  alcohol 
by  volume. 

Specific 

gravity. 

Per  cent 
of  alcohol 
by  volume. 

Specific 

gravity. 

Per  cent 
of  alcohol 
by  volume. 

Specific 

gravity. 

0 

1-000 

34 

0-962 

68 

0-896 

1 

0-999 

35 

0-960 

69 

0-893 

2 

0-997 

36 

0-959 

70 

0-891 

3 

0-996 

37 

0-957 

71 

0-888 

4 

0-994 

38 

0-956 

72 

0-884 

5 

0-993 

39 

0-954 

73 

0-881 

6 

0-992 

40 

0-953 

74 

0-879 

7 

0-990 

41 

0-951 

75 

0-876 

8 

0-989 

42 

0-949 

76 

0-874 

9 

0-988 

43 

0-948 

77 

0-871 

10  . 

0-987 

44 

0-946 

78 

0-868 

11 

0-986 

45 

0-945 

79 

0-865 

12 

0-984 

46 

0-943 

80 

0-863 

13 

0-983 

47 

0-941 

81 

0-860 

14 

0-982 

48 

0-940 

82 

0-857 

15 

0-981 

49 

0-938 

83 

0-854 

16 

0-980 

50 

0-936 

84 

0-851 

17 

0-979 

51 

0-934 

85 

0-848 

18 

0-978 

52 

0-932 

86 

0-845 

19 

0-977 

53 

0-930 

87 

0-842 

20 

0-976 

54 

0-928 

88 

0-838 

21 

0-975 

55 

0-926 

89 

0-835 

22 

0-974 

56 

0-924 

90 

0-832 

23 

0-973 

57 

0-922 

91 

0-829 

24 

0-972 

58 

0-920 

92 

0-826 

25 

0-971 

59 

0-918 

93 

0-822 

26 

0-970 

60 

0-915 

94 

0-818 

27 

0-969 

61 

0-913 

95 

0-814 

28 

0-968 

62 

0-911 

96 

0-810 

29 

0-967 

63 

0-909 

97 

0-805 

30 

0-966 

64 

0-906 

98 

0-800 

31 

0-965 

65 

0-904 

99 

0-795 

32 

0-964 

66 

0-902 

100 

0-747 

33 

0-963 

67 

0-899 
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Table  I. 

ALCOHOLOMETEIC  TABLE  BY  GAY-LUSSAC, 

To  find  the  per  cent.,  by  volume,  in  a liquid  at  59° — strength — ^from  the  observed  per  cent,  at  any  other  Temperature. 
The  temperature  by  Centigrade  is  below  that  of  Fahrenheit. 


20 

p.cent 


24-2 

1004 

2.3-9 

1004 

23-6 

1004 

23-3 

1004 

23 

1003 

22-7 

1003 

22-4 

1003 

22-1 

1002 

21-8 

1002 

21-6 

1002 

21-3 

1001 

21 

1001 

20-7 

1001 

20-5 

1000 

20-2 

1000 

20 

1000 

19-7 

1000 

19-4 

999 

19-1 

999 

18-8 

999 

18-5 

999 

18-2 

998 

17-9 

998 

17  6 
998 

17-4 

997 

17-1 

997 

16-8 

997 

16-5 

997 

16-1 

996 

15-8 

996 

15-5 

996 


1 


Temp. 

Observed  per  centage  of  the  Alcoholometer. 

Temp. 

Observed  per  centage  of  the  Alcoholometer. 

Falir. 

1 

2 

3 

4 

1 « 

6 

1 ^ 

8 

9 

10 

Fahr. 

11 

12 

1 

H 

15 

16 

17 

18 

19 

p.cent 

p.cent. 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent  p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

32-0° 

1-3 

2-4 

3-4 

4-4 

5-4 

6-5 

7-5 

8-G 

9-7 

10-9 

32-0° 

12-2 

13-4 

14-7 

16-1 

17-5 

18-9 

20-3 

21-6 

22-9 

0°C. 

1000 

1000 

1000 

1000 

1000 

1001 

1001 

1001 

1001 

1001 

0»C. 

1001 

1002 

1002 

1002 

1002 

1003 

1003 

1004 

1004 

33-8 

33-8 

13-4 

14-7 

16 

17-3 

18-7 

20 

21-3 

22-6 

1 C. 

1 C. 

1002 

1002 

1002 

1002 

1003 

1003 

1003 

1004 

35  6 

35-6 

13-4 

14-7 

16 

17-2 

18-5 

19-8 

21-1 

22-3 

2 C. 

2C. 

1002 

1002 

1002 

1002 

1003 

1003 

1003 

1004 

37-4 

37-4 

13-3 

14-6 

15-9 

17-1 

18-3 

19-6 

20-8 

22 

3C. 

3C. 

1001 

1002 

1002 

1002 

1002 

1003 

1003 

1003 

39-2 

39-2 

13-3 

14-5 

15-8 

16-9 

18-1 

19-4 

20-6 

21-8 

4C. 

4C. 

1001 

1002 

1002 

1002 

1002 

1002 

1003 

1003 

41-0 

1-4 

2-5 

3-5 

4-5 

5-5 

6-6 

7-7 

8-7 

9-8 

10-9 

41-0 

12-1 

13-2 

14-4 

15-7 

16-8 

18 

19-2 

20-4 

21-5 

5 C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

5 C. 

1001 

1001 

1001 

1002 

1002 

1002 

1002 

1003 

1003 

42-8 

42-8 

13-1 

14-3 

15-6 

16-7 

17-8 

19 

20-2 

21-3 

6C. 

6C. 

1001 

1001 

1002 

1002 

1002 

1002 

1003 

1003 

44-6 

44-6 

13 

14-2 

15-4 

16-6 

17-7 

18-8 

20 

21 

7 C. 

7 C. 

1001 

1001 

1001 

1002 

1002 

1002 

1002 

1002 

46-4 

46-4 

13 

14-1 

15-3 

16-4 

17-5 

18-6 

19-7 

20-7 

8C. 

8C. 

1001 

1001 

1001 

1001 

1001 

1002 

1002 

1002 

48-2 

48-2 

12-9 

14 

15-1 

16-2 

17-3 

18-4 

19-5 

20  5 

9C. 

9C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1002 

50-0 

1-4 

2-4 

3-4 

4-5 

5-5 

G-5 

7-5 

8-5 

9-5 

10-6 

50-0 

11-7 

12-7 

13-8 

14-9 

16 

17 

18-1 

19-2 

20-2 

IOC. 

1000 

1000 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

10  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

61-8 

1-3 

2-4 

3-4 

4-4 

5-4 

G-4 

7-4 

8-4 

9-4 

10-5 

51-8 

11-6 

12-6 

13-6 

14-7 

15-8 

16-8 

17-9 

19 

20 

11  C. 

1000 

1000 

1000 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

11  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

53-G 

1-2 

2-3 

3-3 

4-3 

5-3 

6-3 

7-3 

8-3 

9-3 

10-4 

53-6 

11-5 

12-5 

13-5 

14-6 

15-6 

16-6 

17-6 

18-7 

19-7 

12  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

12  C. 

1000 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

55-4 

1-2 

2-2 

3-2 

4-2 

5-2 

6-2 

•7-2 

8-2 

9-2 

10-3 

55-4 

11-4 

12-4 

13-4 

14-4 

15-4 

16-4 

17-4 

18-5 

19-5 

13  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

13  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

57-2 

1-1 

2-1 

3-1 

4.1 

5-1 

6-1 

7-1 

8-1 

9-1 

10-2 

57-2 

11-2 

12-2 

13-2 

14-2 

15-2 

16-2 

17-2 

18-2 

19-2 

14  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

14  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

59-0 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

59-0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

15  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

15  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

60-8 

0-9 

1-9 

2-9 

3-9 

4-9 

5-9 

6-9 

7-9 

8-9 

9-9 

60-8 

10-9 

11-9 

12-9 

13-9 

14-9 

15-9 

16-9 

17-8 

18-7 

16  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

16  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

02-6 

0-8 

1-8 

2-8 

3-8 

4-8 

5-8 

6-8 

7-8 

8-8 

9-8 

62-6 

10-8 

11-7 

12-7 

13-7 

14-7 

15-6 

16-6 

17-5 

18-4 

17  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

17  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

999 

64-4 

0-7 

1-7 

2-7 

3-7 

4-7 

5-7 

6'7 

7-7 

8-7 

9-7 

64-4 

10-7 

11-6 

12-5 

13-5 

14-5 

15-4 

16-3 

17-3 

18-2 

18  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

18  C. 

1000 

1000 

999 

999 

999 

999 

999 

999 

999 

GG-2 

0-6 

1-G 

2-6 

3-3 

4-5 

5-5 

i6-5 

7-5 

8*5 

9-5 

66-2 

10-5 

11-4 

12-4 

13-3 

14-3 

15-2 

16-1 

17 

17-9 

19  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

19  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

68-0 

0-5 

1-5 

2-4 

3-4 

4-4 

5-4 

6-4 

7-3 

8-3 

9-3 

68-0 

10-3 

11-2 

12-2 

13-1 

14 

14-9 

15-8 

16-7 

17-6 

20  C. 

999 

999 

999 

999 

999 

999 

69.9 

999 

999 

999 

20  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

69-8 

0-4 

1-4 

2-3 

3-3 

4-3 

5-2 

6-2 

7-1 

8-1 

9-1 

69-8 

10-1 

11 

11-9 

12-8 

13-7 

14-6 

15-5 

16-4 

17-3 

21  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

21  C. 

999 

999 

999 

999 

999 

999 

998 

998 

998 

71-6 

0-3 

1-3 

2-2 

3-2 

4-1 

5-1 

61 

7 

7-9 

8-9 

71-6 

9-9 

10-8 

11-7 

12-6 

13-5 

14-4 

15-3 

16-2 

17 

22  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

22  C. 

999 

999 

999 

998 

998 

998 

998 

998 

998 

73-4 

0-1 

1-1 

2-1 

3-1 

4 

4-9 

5-9 

6-8 

7-8 

8-7 

73-4 

9-7 

10-6 

11-5 

12-4 

13-3 

14-1 

15 

15-9 

16-7 

23  C. 

999 

999 

999 

999 

999 

599 

999 

998 

998 

998 

23  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

75-2 

1 

1-9 

2-9 

3-8 

4-8 

5-8 

6-7 

7-6 

8-5 

75-2 

9-5 

10-4 

11-3 

12-2 

13-1 

13-9 

14-8 

15-7 

16-5 

24  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

24  C. 

998 

998 

998 

998 

998 

998 

998 

998 

997 

77-0 

0-8 

1-7 

2-7 

3-6 

4-6 

5-5 

6-5 

7-4 

8-3 

77-0 

9-3 

10-2 

11-1 

12 

12-8 

13-6 

14-5 

15-4 

16-2 

25  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

25  C. 

998 

998 

998 

998 

998 

998 

997 

997 

997 

78-8 

0-7 

1-6 

2-6 

3-5 

4-4 

5-4 

6-3 

7-2 

8-1 

78-8 

9 

9-9 

10-8 

11-7 

12-6 

13-4 

14-2 

15-1 

15-9 

26  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

26  C. 

998 

997 

997 

997 

997 

997 

997 

997 

997 

80-6 

0-5 

1-5 

2-4 

3-3 

4-3 

5-2 

6-1 

7 

7-9 

80-6 

8-8 

9-7 

10-6 

11-5 

12-3 

13-1 

14 

14-8 

15-6 

27  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

27  C. 

997 

997 

997 

997 

997 

997 

997 

997 

997 

82-4 

0-3 

1-3 

2-2 

3-1 

4-1 

5 

5-9 

6-8 

7-7 

82-4 

8-6 

9-5 

10-3 

11-2 

12 

12-8 

13-7 

14-5 

15-3 

28  C. 

997 

997 

997 

997 

997 

997 

497 

997 

997 

28  C. 

997 

997 

997 

997 

967 

996 

996 

996 

996 

84-2 

0-1 

1-1 

2 

2-9 

3-9 

4-8 

5-7 

6-6 

7-5 

84-2 

8-4 

9-2 

10-1 

11 

11-8 

12-6 

13-4 

14-2 

15 

29  C. 

997 

997 

997 

997 

997 

997 

997 

997 

697 

29  C. 

997 

997 

997 

997 

996 

996 

996 

996 

996 

8G-0 

0-0 

0-9 

1-9 

2-8 

3-7 

4-6 

5-5 

6-4 

7-3 

86-0 

8-1 

9 

9-8 

10-7 

11-5 

12-3 

13-1 

13-9 

14-7 

30  C. 

997 

997 

997 

997 

997 

997 

997 

997 

997 

30  C. 

997 

996 

996 

996 

996 

996 

996 

996 

996 
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Observed  per  centag^e  of  the  Alcoholometer. 

Temp. 

Observed  per  centage  of  the  Alcoholometer. 

Fahr. 

21 

22 

•23 

i 2i 

25 

26 

27 

28 

29 

30 

Fahr. 

31 

32 

33 

34 

35 

SO 

57 

1 38 

1 39 

1 40 

p.ccnt 

p.cent. 

p.cent 

p.cent. 

p.cent. 

p.cent. 

p.cent 

p.cent. 

p.cent. 

p.cent. 

p.cent  p.cent. 

p.cent 

p.cent 

p.cent 

p.cent. 

p.cent 

p.cent 

p.cent 

p.cent 

32-0° 

25.6 

27 

28-4 

29-7 

30-9 

32-1 

33-2 

34-3 

35-3 

36-3 

32-0° 

37-3 

38-3 

39-2 

40-2 

41-1 

42-1 

43-1 

44 

45 

45-9 

0°C. 

1005 

1005 

1006 

1006 

1007 

1007 

1007 

1008 

1008 

1008 

0°  C. 

1009 

1009 

1009 

1009 

1009 

1010 

lOlD 

1010 

1010 

1011 

33-8 

25-3 

26-7 

28 

29-2 

30-4 

31-6 

32-7 

33-8 

34-8 

35-8 

33-8 

36-8 

37-8 

38-8 

39-8 

40-8 

41-8 

42-7 

43-7 

44-6 

45  5 

1 C. 

1005 

1005 

1005 

1006 

1006 

1006 

1007 

1007 

1007 

1008 

1 C. 

1008 

1008 

1008 

1008 

1009 

1009 

1009 

1009 

1010 

1010 

35-6 

24-9 

2G-3 

27-5 

28-8 

30 

31-2 

32-3 

33-3 

34-4 

35-4 

35-6 

36-4 

37-4 

38-4 

39-4 

40-4 

41-4 

42-3 

43-3 

44-2 

45-1 

2C. 

1004 

1005 

1005 

1005 

1006 

1006 

1006 

1006 

1007 

1007 

2 0. 

1007 

1007 

1008 

1008 

1008 

1008 

1008 

1009 

1009 

1009 

37-4 

24-6 

25-9 

27-1 

28-4 

29-6 

30-8 

31-9 

32-9 

33-9 

34-9 

37-4 

36 

37 

38 

39 

40 

41 

42 

42-9 

43-9 

44-8 

3C. 

1004 

1005 

1005 

1005 

1005 

1006 

1006 

1006 

1007 

1007 

3 C. 

1007 

1007 

1007 

1007 

1007 

1008 

1008 

1008 

1008 

1008 

39-2 

24-3 

25-G 

26-8 

28 

29-2 

30-4 

31-4 

32-5 

33-5 

34-5 

39-2 

35-5 

36-5 

37-5 

38-5 

39-5 

40-5 

41-5 

42-5 

43-5 

44-4 

4C. 

1004 

1004 

1005 

1005 

1005 

1005 

1005 

1005 

1006 

1006 

4 0. 

1006 

1006 

1006 

1007 

1007 

1007 

1007 

1007 

1007 

1008 

41-0 

24 

25-2 

26-4 

27-G 

28-8 

30 

31 

32-1 

33-1 

34-1 

41-0 

35-1 

36-1 

37-1 

38-1 

39-1 

40-1 

41-1 

42-1 

43-1 

44 

6 0. 

1003 

1003 

1004 

1004 

1004 

1004 

1005 

1005 

1005 

1005 

5 0. 

1005 

1006 

1006 

1006 

1006 

1006 

1007 

1007 

1007 

1007 

42-8 

23-6 

24-9 

26 

27-2 

28-4 

29-6 

30-6 

31-6 

32-6 

33-6 

42-8 

34-7 

35-7 

36-7 

37-7 

38-7 

39-7 

40-7 

41 

42-6 

43-6 

6C. 

1003 

1003 

1004 

1004 

1004 

1004 

1005 

1005 

1005 

1005 

6 0. 

1005 

1005 

1005 

1005 

1005 

1006 

1006 

1006 

1006 

1006 

44-6 

23-3 

24-6 

25-7 

26-9 

28 

29-2 

30-2 

31.2 

32-2 

33-2 

44-6 

34-2 

35-2 

36-2 

37-2 

38-2 

39-2 

40-2 

41-2 

42-2 

43-2 

7 C. 

1002 

1003 

1003 

1003 

1003 

1003 

1004 

1004 

1004 

1004 

7 0. 

1004 

1004 

1004 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

46-4 

23 

24-2 

25-3 

26-5 

27-6 

28-8 

29-8 

30-8 

31-8 

32-8 

46-4 

33-8 

34-8 

35-8 

36-8 

37-8 

38-8 

39-8 

40-8 

41-8 

42-8 

8C. 

1002 

1002 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

8 0. 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1005 

48-2 

22-7 

23-9 

25 

26-1 

27-2 

28-4 

29-4 

30-4 

31-4 

32-4 

48-2 

33-4 

34-4 

35-4 

36-4 

37-4 

38-4 

39-4 

40  4 

41-4 

42-4 

9C. 

1002 

1002 

1002 

1002 

1002 

1003 

1003 

1003 

1003 

1003 

9 0. 

1003 

1003 

1003 

1003 

1004 

1004 

1004 

1004 

1004 

1004 

50-0 

22-4 

23-5 

24-G 

25-7 

26-8 

27-9 

29 

30 

31 

32 

50-0 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

10  c. 

1001 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

10  0. 

1002 

1002 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

51-8 

22-1 

23-2 

24-3 

25-4 

2G-5 

27-6 

28-6 

29-6 

30-6 

31-6 

51-8 

32-6 

33-6 

34-6 

35-6 

36-6 

37-6 

38-6 

39-6 

40-6 

41-6 

11  C. 

1001 

1001 

1001 

1001 

1002 

1002 

1002 

1002 

1002 

1002 

11  0. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1003 

1003 

53-6 

21-8 

22-9 

24 

25-1 

26-1 

27-2 

28-2 

29-2 

30-2 

31-2 

53-6 

32-2 

33-2 

34-2 

35-2 

36-2 

37-2 

38-2 

39-2 

40-2 

41-2 

12  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

12  0. 

1001 

1001 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

5.5-4 

21-5 

22-6 

23-G 

24-7 

2.5-7 

26-8 

27-8 

28-8 

29-8 

30-8 

55-4 

31-8 

32-8 

33-8 

34-8 

35-8 

36-8 

37-8 

38-8 

39-8 

40-8 

13  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

13  0. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

57-2 

21-2 

22-3 

23-3 

24-3 

25-3 

26-4 

27-4 

28-4 

29-4 

30-4 

57-2 

31-4 

32-4 

33-4 

34-4 

35-4 

36-4 

37-4 

38-4 

39-4 

40-4 

14  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

14  0. 

1000 

1000 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

59-0 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

59-0 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

15  C. 

1001 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

15  0. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

60-8 

20-7 

21-7 

22-7 

23-7 

24-7 

25-7 

26-6 

27-6 

28-6 

29-6 

60-8 

30-6 

31-6 

32.5 

33-5 

34-5 

35-5 

36-5 

37-5 

38-5 

39-5 

16  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

16  0. 

1000 

1000 

999 

999 

999 

999 

999 

999 

999 

999 

02-6 

20-4 

21-4 

22-4 

23-4 

24-4 

25-4 

26-3 

27-3 

28-2 

29-2 

62-6 

30-2 

31-2 

32-1 

33-1 

34-1 

35-1 

36-1 

37  1 

38-1 

39-1 

17  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

17  0. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

64-4 

20-1 

21-1 

22 

23 

24 

25 

25-9 

26-9 

27-8 

28-8 

64-4 

29-8 

30-8 

31-7 

32-7 

33-7 

34-7 

35  7 

36-7 

37-7 

38-7 

18  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

18  0. 

999 

999 

998 

998 

998 

998 

998 

998 

998 

998 

66-2 

19-8 

20-8 

21-7 

22-7 

23-6 

24-6 

25-5 

26-5 

27-4 

28-4 

GG-2 

29-4 

30-4 

31-3 

32-3 

33-3 

34-3 

35-3 

36-3 

37-3 

38-3 

19  C. 

999 

999 

999 

999 

998 

998 

998 

998 

998 

998 

19  0. 

998 

998 

993 

998 

998 

998 

998 

998 

997 

997 

68-0 

19-5 

20-5 

21-4 

22-4 

23-3 

24-3 

25-2 

26-1 

27-1 

28 

68-0 

29 

30 

30-9 

31-9 

32-9 

33-9 

34-9 

35-9 

36-9 

37-9 

20  C. 

999 

998 

998 

998 

998 

998 

998 

998 

998 

998 

20  0. 

998 

998 

997 

997 

997 

997 

997 

997 

997 

997 

G9-8 

19-1 

20-1 

21.1 

22-1 

23 

23-9 

24-8 

25-7 

26-7 

27-6 

69-8 

28-6 

29-6 

30-5 

31-5 

32-5 

33-5 

34-5 

35-5 

36-5 

37-5 

21  C. 

998 

998 

998 

993 

998 

998 

998 

998 

997 

997 

21  0. 

997 

997 

997 

997 

997 

997 

997 

996 

996 

996 

71-6 

18-8 

19-8 

20-7 

21-7 

22-6 

23-6 

24-4 

25-3 

26-3 

27-2 

71-6 

28-2 

29-2 

30-1 

31-1 

32-1 

33-1 

34-1 

35-1 

36-1 

37-1 

22  C. 

998 

998 

998 

997 

997 

997 

997 

997 

997 

997 

22  0. 

997 

997 

996 

996 

996 

996 

996 

996 

996 

996 

73-4 

18-5 

19-5 

20-4 

21  4 

22-3 

23  2 

24-1 

25 

25-9 

26-8 

73-4 

27-8 

28-8 

29-7 

30-7 

31-7 

32-7 

33-7 

34-7 

35-7 

36-7 

23  C. 

998 

997 

997 

997 

997 

997 

997 

997 

997 

997 

23  0. 

996 

996 

996 

996 

996 

996 

996 

995 

995 

995 

75-2 

18-3 

19-2 

20-1 

21-1 

21-9 

22-8 

23-7 

24-6 

25-5 

26-4 

75-2 

27-4 

28-4 

29-3 

30-3 

31-3 

32-3 

33-3 

34-3 

35-3 

36'3 

24  C. 

997 

997 

997 

997 

997 

997 

997 

996 

996 

996 

24  0. 

996 

996 

995 

995 

995 

995 

995 

995 

995 

994 

77-0 

18 

18-9 

19-8 

20-7 

21-6 

22-5 

23-3 

24-3 

25-2 

26-1 

77-0 

27 

28 

28-9 

29-9 

30-9 

31-9 

32-9 

33-9 

34-9 

35-9 

25  C. 

997 

997 

997 

997 

996 

996 

996 

996 

996 

996 

25  0. 

995 

995 

995 

995 

995 

994 

994 

994 

994 

994 

78-8 

17-7 

18-6 

19-5 

20-4 

21-3 

22-2 

23 

23-9 

24-8 

25-7. 

78-8 

26-6 

27-6 

28-5 

29-5 

30-5 

31-5 

32-5 

33-5 

34-5 

35-5 

26  C. 

997 

996 

996 

996 

996 

996 

996 

996 

995 

995 

26  0. 

995 

995 

995 

994 

994 

994 

994 

994 

993 

993 

80-6 

17-4 

18-3 

19-2 

20-1 

20-9 

21-8 

22-7 

23-6 

24-4 

25-3 

80-6 

26-2 

27-2 

28-1 

29-1 

30-1 

31-1 

32-1 

33-1 

34-1 

35-1 

27  C. 

996 

996 

996 

996 

996 

996 

996 

996 

995 

995 

27  0. 

995 

994 

994 

994 

994 

993 

993 

993 

993 

993 

82-4 

17 

18 

18-9 

19-7 

20-6 

21-5 

22-3 

23-2 

24 

24-9 

82-4 

25-8 

26-8 

27-7 

28-7 

29-7 

30-7 

31-7 

32-7 

33-7 

34-7 

28  C. 

996 

996 

996 

995 

995 

995 

995 

995 

995 

994 

28  0 

994 

994 

994 

993 

993 

993 

993 

993 

992 

992 

84-2 

16-7 

17-6 

18-5 

19-4 

20-3 

21-1 

21-9 

22-8 

23-7 

24-5 

84-2 

25-4 

26-4 

27-3 

28-3 

29-3 

30-3 

31-3 

32-3 

33-3 

34-3 

29  C. 

996 

996 

995 

995 

995 

995 

995 

994 

994 

994 

29  0. 

994 

993 

993 

993 

993 

992 

992 

992 

992 

992 

86-0 

lG-4 

17-3 

18-2 

19-1 

19-9 

20-8 

21-6 

22-5 

23-3 

24-2 

86-0 

25-1 

26 

26-9 

27-9 

28-9 

29-9 

30-9 

31-9 

32-9 

33-9 

30  C. 

995 

995 

995 

995 

995 

994 

994 

994 

994 

994 

30  0. 

993 

993 

993 

993 

992 

992 

992 

991 

991 

991 

J26 
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Observed  per  centage  of  the  Alcoholometer. 


Falir. 

41 

p.CCDt. 

42 

p.cent 

43 

p.cent. 

u 

p.cent 

45 

p.cent 

46 

p.cent. 

47 

p.cent 

48 

p.cent. 

49 

p.cent 

50 

p.cent 

32-0° 

46-9 

47-9 

48-8 

49-8 

50-7 

51-7 

52-6 

53-5 

54-5 

55-4 

0°C. 

1011 

1011 

1011 

1011 

1011 

1011 

1012 

1012 

1012 

1012 

33-8 

46-5 

47-5 

48.4 

49-4 

50-3 

51-3 

52-2 

53-2 

54-2 

55-1 

1 C. 

1010 

1010 

1010 

1010 

1010 

1011 

1011 

1011 

1011 

1011 

35-6 

46-1 

47-1 

48-1 

49 

49-9 

50-9 

.51-8 

52-8 

53-8 

54-7 

2 C. 

1009 

1009 

1009 

1009 

1010 

1010 

1010 

1010 

1010 

1010 

37-4 

45-8 

46-7 

47-7 

48-6 

49-6 

50-5 

51-5 

52-4 

53-4 

54-3 

3C. 

1008 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

39-2 

45-4 

46-4 

47-4 

48-3 

49-2 

50-2 

5M 

52-1 

53 

54 

4C. 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1009 

41-0 

45 

45-9 

46-9 

47-9 

48-8 

49-8 

50-7 

51-7 

52-7 

53-6 

6 C. 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1008 

1008 

1008 

42-8 

44-6 

45-5 

46-5 

47-5 

48-4 

49-4 

.50-4 

51-4 

52-4 

53-3 

6C. 

1006 

1006 

1006 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

44-6 

44-2 

45-1 

46-1 

47-1 

48-1 

49-1 

50-1 

51 

52 

52-9 

7 C. 

1005 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

46-4 

43-8 

44-8 

45-8 

46-8 

47-7 

48-7 

49-7 

50-6 

51-6 

52-6 

8C. 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

48-2 

43-4 

44-4 

45-4 

46-4 

47-3 

48-3 

49-3 

50-2 

51-2 

52-2 

9C. 

1004 

1004 

1004 

1004 

1004 

1004 

1005 

1005 

1005 

1005 

50-0 

43 

44 

45 

46 

46-9 

47-9 

48-9 

49-9 

50-9 

51-8 

10  C. 

1003 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

51-8 

42-6 

43-6 

44-6 

45-6 

46-6 

47-6 

48-6 

49-5 

50-5 

51-5 

11  C. 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

53-6 

42-2 

43-2 

44-2 

45-2 

46-2 

47-2 

48-2 

49-2 

50-2 

51-1 

12  C. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

55-4 

41-8 

42-8 

43-8 

44-8 

45-8 

46-8 

47-8 

48-8 

49-8 

50-8 

13  C. 

1001 

1001 

1001 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

57-2 

41-4 

42-4 

43-4 

44-4 

45-4 

46-4 

47-4 

48-4 

49-4 

50-4 

14  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

69-0 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

15  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

60-8 

40-6 

41-6 

42-6 

43-6 

44-6 

45-6 

46-6 

47-6 

48-6 

49-6 

16  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

G2-6 

40-2 

41-2 

42-2 

43-2 

44-2 

45-2 

46-2 

47-2 

48-3 

49-3 

17  C. 

999 

999 

999 

998 

998 

998 

998 

998 

998 

998 

64-4 

39-8 

40-8 

41-8 

42-8 

43-8 

44-9 

45-9 

46-9 

47-9 

48-9 

18  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

998 

66-2 

39-4 

40-4 

41-4 

42-5 

43-5 

44-5 

45-5 

46-5 

47-5 

48-5 

19  C. 

997 

997 

997 

997 

997 

997 

997 

997 

997 

997 

68-0 

39 

40 

41 

42-1 

43-1 

44-1 

45-1 

46-1 

47-2 

48-2 

20  C. 

997 

997 

997 

997 

996 

996 

996 

996 

996 

996 

69-8 

38-6 

39-6 

40.6 

41-7 

42-7 

43-7 

44-8 

45-8 

46-8 

47-8 

21  C. 

996 

996 

996 

996 

996 

996 

996 

996 

995 

995 

71-G 

38-2 

39-2 

40-2 

41-3 

42-3 

43-3 

44-3 

45-3 

46-4 

47-4 

22  C. 

996 

995 

995 

995 

995 

995 

995 

995 

995 

995 

73-4 

37-8 

38-8 

39-8 

40-9 

41-9 

42-9 

43-9 

44-9 

46 

47 

23  C. 

995 

995 

995 

994 

994 

994 

994 

994 

994 

994 

75-2 

37-4 

38-4 

39-4 

40-5 

41-5 

42-5 

43-6 

44-6 

45-6 

46-6 

24  C. 

994 

994 

994 

994 

994 

994 

994 

994 

993 

993 

77-0 

37 

38 

39 

40-1 

41-1 

42-2 

43-2 

44-2 

45-2 

46-3 

25  C. 

994 

994 

993 

993 

993 

993 

993 

993 

993 

993 

78-8 

36-5 

37-6 

38-6 

39-7 

40-7 

41-8 

42-8 

43-8 

44-9 

45-9 

26  C. 

993 

993 

993 

993 

992 

992 

992 

992 

992 

992 

80-6 

36-1 

37-2 

38-2 

39-3 

40-3 

41-4 

42-4 

43-4 

44-5 

45-5 

27  C. 

992 

992 

992 

992 

992 

992 

992 

991 

991 

991 

82-4 

35-7 

36-8 

37-8 

38-9 

39'9 

41 

42 

43 

44-1 

45-1 

28  C. 

992 

992 

992 

991 

991 

991 

991 

991 

991 

990 

84-2 

35-3 

36-3 

37-4 

38-5 

39-5 

40-6 

41-6 

42-6 

43-7 

44-7 

29  C. 

991 

991 

991 

991 

991 

990 

990 

990 

990 

990 

86-0 

34-9 

35-9 

37 

38T 

39-1 

40-2 

41-2 

42-3 

43-3 

44-3 

30  C. 

991 

991 

990 

990 

990 

990 

990 

989 

989 

989 

Observed  per  centage  of  the  Alcoholometer. 

Fahr. 

61 

52 

63 

54 

.6.5 

56 

67 

£8 

£9 

60 

p.cent  p.o.nt,  p.o  nt  p 3;nt  p c nt  p.cent  p.cent 

p.cent 

p.cent 

p.cent 

32-0° 

56-4 

57-3 

58-3 

59-2 

60-2 

61-2 

62-1 

63.1 

64-1 

65 

0°C. 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1013 

1013 

1013 

33-8 

56 

57 

57-9 

58-9 

59-9 

60-9 

61-8 

62-8 

63-8 

64-7 

1 C. 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1012 

1012 

1012 

35-6 

55-7 

56-6 

57-6 

58-5 

59-5 

60-5 

61-5 

62  4 

63-4 

64-4 

2C. 

1010 

1010 

1010 

1010 

1010 

1011 

1011 

1011 

1011 

1011 

37-4 

55-3 

56-3 

57-2 

58-2 

59-2 

60-2 

61-1 

62-1 

63-1 

64-1 

3C. 

1009 

1009 

1009 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

39-2 

55 

56 

56-9 

57-9 

58-9 

59-8 

60-8 

61-7 

62-7 

63-7 

4C. 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

41-0 

54-6 

55-6 

56-6 

57-5 

58-5 

59-5 

60-4 

61-4 

62-4 

63-4 

5C. 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

42-8 

54-3 

55-2 

56-2 

57-1 

58-1 

59-1 

60-1 

61 

62 

63 

6C. 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1008 

1008 

1008 

44-6 

53-9 

54-9 

55-9 

56-8 

57-8 

58-8 

59-8 

60-7 

61-7 

62-7 

7 C. 

1006 

1006 

1006 

1006 

1006 

1006 

1007 

1007 

1007 

1007 

46-4 

53-6 

54-6 

55-5 

56-5 

57-5 

58-5 

59-5 

60-4 

61-4 

62-4 

8 0. 

1005 

1005 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

48-2 

53-2 

54-2 

55-1 

56-1 

57-1 

58-1 

59-1 

60 

61 

62 

9 0. 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

50-0 

52-8 

53-8 

54-8 

55-8 

56-8 

57-8 

58-8 

59-7 

60-7 

61-7 

10  0. 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

51-8 

52-5 

53-5 

54-4 

55-4 

56-4 

57-4 

58-4 

59-4 

60-4 

61-4 

11  0. 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

53-6 

52-1 

53-1 

54-1 

55 

56 

57 

58 

59 

60 

61 

12  0. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

55-4 

51-8 

52-7 

53-7 

54-7 

55-7 

56-7 

57-7 

58-7 

59-7 

60-7 

13  0. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

57-2 

61-4 

52-3 

53-3 

54-3 

55-3 

56-3 

57-3 

58-3 

59-3 

60-3 

14  0. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

59-0 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

15  0. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

60-8 

50-6 

51-6 

52.6 

53-6 

54-6 

55-6 

56-6 

57-6 

58-6 

59-6 

16  0. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

62-6 

50-3 

51-3 

52-3 

53-3 

54-3 

55-3 

56-3 

57-3 

58-3 

59-3 

17  0. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

998 

64-4 

49-9 

50-9 

51-9 

52-9 

53-9 

54-9 

55-9 

56-9 

57-9 

58-9 

18  0. 

998 

998 

998 

998 

998 

998 

998 

997 

997 

997 

66-2 

49-5 

50-6 

51-6 

52-6 

53-6 

54-6 

55-6 

56-6 

57-6 

58-6 

19  0. 

997 

997 

997 

997 

997 

997 

997 

997 

997 

997 

68-0 

49-2 

50-2 

51-2 

52-2 

53-2 

54-2 

55-2 

56-2 

57-2 

58-2 

20  0. 

996 

996 

996 

996 

996 

996 

996 

996 

996 

996 

69-8 

48-8 

49-8 

50-8 

51-8 

52-9 

53-9 

54-9 

55-9 

56-9 

57-9 

21  0. 

995 

995 

995 

995 

995 

995 

995 

995 

995 

995 

71-6 

48-4 

49-4 

50-4 

51-4 

52-5 

53-5 

54-5 

55-5 

56-5 

57-5 

22  0. 

995 

995 

995 

994 

994 

994 

994 

994 

994 

994 

73-4 

48 

49-1 

50  1 

51-1 

52-1 

53-1 

54-1 

55-1 

56-1 

57-1 

23  0. 

994 

994 

994 

994 

994 

994 

993 

993 

993 

993 

75-2 

47-6 

48-7 

49-7 

50-7 

51-8 

52-8 

53-8 

54-8 

55-8 

56-8 

24  0. 

993 

993 

993 

993 

993 

993 

993 

993 

993 

992 

77-0 

47-3 

48-3 

49-3 

50-3 

51-4 

52-4 

53-4 

54-4 

55-5 

56-5 

25  0. 

993 

993 

993 

992 

992 

992 

992 

992 

992 

992 

78-8 

46-9 

47-9 

49 

50 

51 

52 

53 

54 

55-1 

56-1 

26  0. 

992 

992 

992 

991 

991 

991 

991 

991 

991 

991 

80-6 

46-5 

47-6 

48-6 

49-6 

50-7 

51-7 

52-7 

53-7 

54-8 

55-8 

27  0. 

991 

991 

991 

991 

990 

990 

990 

990 

990 

990 

82-4 

46-1 

47-2 

48-2 

49-2 

50-3 

51-3 

52-3 

53-3 

54-4 

55-4 

28  0. 

990 

990 

990 

990 

990 

990 

990 

989 

989 

989 

84-2 

45-7 

46-8 

47-8 

48-9 

49-9 

51 

52 

53 

54 

55 

29  0. 

990 

989 

989 

989 

989 

989 

989 

989 

989 

988 

86-0 

45-4 

46-4 

47-5 

48-5 

49-6 

50-6 

51-6 

52-6 

.53-6 

54-7 

30  0. 

989 

989 

989 

988 

988 

988 

988 

988 

988 

988 
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Temp 

Observed  per  centage  of  the  Alcoholometer. 

Temp. 

Observed  per  centage  of  the  Alcoholometer. 

Fahr. 

6Ti 

p.cent. 

62 

p.cent. 

63 

p.cent. 

64 

p.cent. 

65 

p.cent. 

66 

p.cent. 

67 

p.cent 

68  1 69  70 

p.cent.  p.cent'p.cent 

Fahr. 

71  1 72  1 73 

p.cent  p.cent,  p.cent 

1 74  75  1 76 

p.cent  jp.cent  p.cent 

1 77  1 78  1 79  1 80 

p.cent  p.cent^p.cent  p.cent 

32-0° 

66 

67 

68 

68-9 

69-9 

70-8 

71-8 

72-7 

73-7 

74-7 

32-0° 

75-6 

76-6 

77-6 

78-6 

79-5 

180-5 

81-5 

82-4 

83-3 

84-3 

C’C. 

1013 

1013 

1013 

1013 

1013 

1013 

1013 

1013 

1014 

1014 

0°C. 

1014 

1014 

1014 

1014 

1014 

1014 

1014 

1014 

1014 

1014 

33-8 

65-7 

66-7 

67-7 

68-6 

69-6 

70-5 

71-5 

72-4 

73-4 

74-3 

33-8 

75-3 

76-3 

77-3 

78-3 

79-2 

80-2 

81-2 

82-1 

83-1 

84 

1 C. 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1013 

1013 

1 C. 

1013 

1013 

1013 

1013 

1013 

1013 

1013 

1013 

1013 

1013 

35-6 

65-3 

66-3 

67-3 

68-3 

69-3 

70-2 

71-2 

72-1 

73-1 

74 

35-6 

75 

76 

77 

78 

78-9 

79-9 

80-9 

81*9 

82-8 

83-7 

2C. 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1012 

1012 

1012 

2C. 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

37-4 

65 

66 

67 

68 

68-9 

69-9 

70-8 

71-8 

72-8 

73-7 

37-4 

74-7 

75-7 

76-7 

77-7 

78-6 

79-6 

80-6 

81-6 

82-5 

83-5 

3C. 

1010 

1010 

1010 

1010 

1010 

1011 

1011 

1011 

1011 

1011 

3C. 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

39-2 

64-7 

65-7 

66-6 

67-6 

68-6 

69-5 

70-5 

71-5 

?2-5 

73-4 

39-2 

74-4 

75-3 

76-3 

77-3 

78-3 

79-3 

80-3 

81-3 

82-2 

83-2 

4C. 

1009 

1009 

1009 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

4C. 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

41-0 

64-3 

65-3 

66-3 

67-3 

68-3 

69-2 

70-2 

71-2 

72-2 

73-1 

41-0 

74-1 

75 

76 

77 

78 

79 

80 

81 

81-9 

82-9 

5C. 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

5C. 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1010 

1010 

42-8 

64 

65 

66 

67 

68 

68-9 

69-9 

70-9 

71-9 

72-8 

42-8 

73-8 

74-7 

75-7 

76-7 

77-7 

78-7 

79-7 

80-7 

81-6 

82-6 

6 0. 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

6C. 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1009 

44-6 

63-7 

64-7 

65-7 

66-7 

67-6 

68-6 

69-6 

70-6 

71-5 

72-5 

44-6 

73-5 

74-4 

75-4 

76-4 

77-4 

78-4 

79-4 

80-4 

81-4 

82-3 

7 C. 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

7C. 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1008 

46-4 

63-4 

64-4 

65-4 

66-4 

67-3 

68-3 

69-3 

70-2 

71-2 

72-2 

46-4 

73-2 

74-1 

75-1 

76-1 

77-1 

78-1 

79-1 

80-1 

81-1 

82 

8 0. 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

8C. 

1006 

1006 

1006 

1006 

1006 

1006 

1007 

1007 

1007 

1007 

48-2 

63 

64 

65 

66 

67 

67-9 

68-9 

69-9 

70-9 

71-9 

48-2 

72-9 

73-8 

74-8 

75-8 

76-8 

77-8 

78-8 

79-8 

80-8 

81-7 

9 0. 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

9 C. 

1005 

1005 

1005 

1005 

1005 

1005 

1006 

1006 

1006 

1006 

50-0 

62-7 

63-7 

64-7 

65-7 

66-7 

67-6 

68-6 

69-6 

70-6 

71-6 

50-0 

72-6 

73-5 

74-5 

75-5 

76-5 

77-5 

78-5 

79-5 

80-5 

81-5 

10  0. 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

10  C. 

1004 

1004 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

51-8 

62-4 

63-4 

64-4 

65-4 

66-4 

67-3 

68-3 

69-3 

70-3 

71-3 

51-8 

72-3 

73-2 

74-2 

75-2 

76-2 

77-2 

78-2 

79-2 

80-2 

81-2 

11  0. 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1004 

1004 

1004 

11  C. 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

53-6 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

53-6 

72 

72-9 

73-9 

74-9 

75-9 

76-9 

77-9 

78-9 

79-9 

80-9 

12  0. 

1002 

1002 

1002 

1002 

1002 

1002 

1003 

1003 

1003 

1003 

12  C. 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

5.9-4 

61-7 

62-7 

63-7 

64-7 

65-7 

66-7 

67-7 

68-7 

69-6 

70-6 

55-4 

71-6 

72-6 

73-6 

74-6 

75-6 

76-6 

77-6 

78-6 

79-6 

80-6 

13  0. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

13  C. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

57-2 

61-3 

62-3 

63-3 

64-3 

65-3 

66-3 

67-3 

68-3 

69-3 

70-3 

57-2 

71-3 

72-3 

73-3 

74-3 

75-3 

76-3 

77-3 

78-3 

79-3 

80-3 

14  0. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

14  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

59-0 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

59-0 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

15  0. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

15  C. 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

CO-8 

60-6 

61-7 

62-7 

63-7 

64-7 

65-7 

66-7 

67-7 

68-7 

69-7 

60-8 

70-7 

71-7 

72.7 

73-7 

74-7 

75-7 

76-7 

77-7 

78-7 

79-7 

16  0. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

16  C. 

999 

999 

999 

999 

999 

999 

999 

999 

999 

999 

G2-6 

60-3 

61-3 

62-3 

63-3 

64-3 

65-3 

66-3 

67-3 

68-3 

69-3 

62-6 

70-3 

71-3 

72-3 

73-3 

74-3 

75-4 

76-4 

77-4 

78-4 

79-4 

17  0. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

998 

17  C. 

998 

998 

998 

998 

998 

998 

998 

998 

998 

998 

G4-4 

59-9 

61 

62 

63 

64 

65 

66 

67 

68 

69 

64-4 

70 

71 

72 

73 

74 

75-1 

76-1 

77-1 

78-1 

79-1 

18  0. 

997 

997 

997 

997 

997 

997 

997 

997 

997 

997 

18  C. 

997 

997 

997 

997 

997 

997 

997 

997 

997 

997 

66-2 

59-6 

60-6 

61-6 

62-7 

63-7 

64-7 

65-7 

66-7 

67-7 

68-7 

66-2 

69-7 

70-7 

71-7 

72-7 

73-7 

74-7 

75-8 

76-8 

77-8 

78-8 

19  0. 

9j7 

997 

997 

997 

997 

997 

997 

997 

996 

996 

19  C. 

996 

996 

996 

996 

996 

996 

996 

996 

996 

996 

68-0 

59-2 

60  3 

61-3 

62-3 

63-3 

64-3 

65-4 

66-4 

67-4 

68-4 

68-0 

69-4 

70-4 

71-4 

72-4 

73-4 

74-4 

75-5 

76-5 

77-5 

78-5 

20  0. 

996 

996 

996 

996 

996 

996 

996 

996 

996 

996 

20  C. 

996 

996 

995 

995 

995 

995 

995 

995 

995 

995 

69-8 

58-9 

59-9 

61 

62 

63 

64 

65 

66 

67 

68-1 

69-8 

69-1 

70-1 

71-1 

72-1 

73-1 

74-1 

75-2 

76-2 

77-2 

78-2 

21  0. 

995 

995 

995 

995 

995 

995 

995 

995 

995 

995 

21  C. 

995 

995 

995 

994 

994 

994 

994 

994 

994 

994 

71-6 

58-5 

59-5 

60-6 

61-6 

62-7 

63-7 

64-7 

65-7 

66-7 

67-8 

71-6 

68-8 

69-8 

70-8 

71-8 

72-8 

73-8 

74-8 

75-9 

76-9 

77-9 

22  0. 

994 

994 

994 

994 

994 

994 

994 

994 

994 

994 

22  C. 

994 

994 

994 

994 

993 

993 

993 

993 

993 

993 

73-4 

58-1 

59-2 

60-2 

61-3 

62-3 

63-3 

64-3 

65-4 

66-4 

67-4 

73-4 

68-4 

69-4 

70-5 

71-5 

72-5 

73-5 

74-5 

75-5 

76-6 

77-6 

23  0. 

993 

993 

993 

993 

993 

993 

993 

993 

993 

993 

23  C. 

993 

993 

993 

993 

992 

992 

992 

992 

992 

992 

75-2 

57-8 

58-9 

59-9 

61 

62 

63 

64 

65 

66 

67-1 

75-2 

68-1 

69-1 

70-1 

71-2 

72-2 

73-2 

74-2 

75-2 

76-3 

77-3 

24  0. 

992 

992 

992 

992 

992 

992 

992 

992 

992 

992 

24  C. 

992 

992 

992 

992 

992 

992 

992 

991 

991 

991 

77-0 

57-5 

58-5 

59-5 

60-6 

61-6 

62-6 

63-7 

64-7 

65-7 

66-7 

77-0 

67-8 

68-8 

69-8 

70-8 

71-8 

72-8 

73-9 

74-9 

76 

77 

25  0. 

992 

992 

992 

991 

991 

991 

991 

991 

991 

991 

25  C. 

991 

991 

991 

991 

991 

991 

991 

991 

991 

991 

78-8 

57-1 

58-1 

59-2 

60-2 

61-3 

62-3 

63-3 

64-3 

65-3 

66-4 

78-8 

67-4 

68-4 

69-5 

70-5 

71.5 

72-5 

73-6 

74-6 

75-6 

76-7 

26  0. 

991 

991 

991 

991 

990 

990 

990 

990 

990 

990 

26  C. 

990 

990 

990 

990 

990 

990 

990 

990 

990 

990 

80-6 

56-8 

57-8 

58-9 

59-9 

60-9 

61-9 

63 

64 

65 

66 

80-6 

67-1 

68-1 

69-2 

70-2 

71-2 

72-2 

73-3 

74-3 

75-3 

76-3 

27  0. 

990 

990 

990 

990 

990 

990 

989 

989 

989 

989 

27  C. 

989 

989 

989 

989 

989 

989 

989 

989 

989 

989 

82-4 

56-4 

57-5 

58-5 

59-5 

60  6 

61-6 

62-6 

63-7 

64-7 

65-7 

82-4 

66-8 

67-8 

68-8 

69-9 

70-9 

71-9 

73 

74 

75 

76 

28  0. 

989 

989 

989 

989 

989 

989 

989 

989 

989 

988 

28  C. 

988 

988 

988 

988 

988 

988 

988 

988 

988 

988 

84-2 

56 

57-1 

58-1 

59-2 

60-2 

61-2 

62-3 

63-3 

64-3 

65-4 

84-2 

66-4 

67-4 ' 

68-5 

69-5 

70-6 

71-6 

72-6 

73  7 

74-7 

75-7 

29  0. 

988 

988 

988 

988 

983 

988 

988 

988 

988 

988 

29  C. 

988 

987 

987 

987 

987 

987 

987 

987 

987 

987 

86-0 

55-7 

56-7 

57-8 

58-8 

59-9 

60-9 

61-9 

63 

64 

65 

86-0 

66-1 

67-1 

68-2 

69-2 

70-3 

71-3 

72-3 

73-3 

74-4 

75-4 

30  0. 

988 

987 

987 

987 

987 

987 

987 

987 

987 

987 

30  0. 

987 

987 

986 

986 

986 

986 

986 

986 

986 

986. 
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Table  I. — Concluded. 


Temp 

Observed  per  centage  of  the  Alcoholometer. 

Observed  per  centage  of  the  Alcoholometer. 

Fahr. 

81 

82 

83 

84 

85 

86 

87 

83 

89 

90 

Fahr. 

91 

92 

93 

91 

95 

1 96 

1 97 

98 

99 

100 

p.cent 

p.ccnt. 

p.ceut. 

p.cent 

p.ceut 

p.cent. 

p.cent 

p.cent  p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.ccnt 

p.cent 

p.ccntjp.ccnt 

p.cent 

p.ccnt 

32-0° 

85-2 

86-2 

87-1 

88 

88-9 

89-9 

90-8 

91-7 

92-6 

93-6 

32-0° 

94-5 

95-3 

96-2 

97-1 

98 

98-8 

99-7 

0”C. 

1014 

1014 

1014 

1014 

1014 

1015 

1015 

1015 

1015 

1015 

0«C. 

1015 

1015 

1015 

1015 

1015 

1015 

1016 

33-8 

85 

85-9 

86-8 

87-8 

88-7 

89-G 

90-5 

91-5 

92-4 

93-3 

33-8 

94-3 

95-1 

96 

96-9 

97-8 

98-6 

99-5 

1 C. 

1013 

1013 

1013 

1013 

1013 

1014 

1014 

1014 

1014 

1014 

1 C. 

1014 

1014 

1014 

1014 

1014 

1014 

1014 

35-6 

84-7 

85-G 

8G-G 

87-5 

88-5 

89-4 

90-3 

91-2 

92-2 

93-1 

35-6 

94 

94-9 

95-8 

96-7 

97-6 

98-5 

99-3 

2C. 

1012 

1012 

1012 

1012 

1012 

1013 

1013 

1013 

1013 

1013 

2C. 

1013 

1013 

1013 

1013 

1013 

1013 

1014 

37-4 

84-4 

85-4 

8G-3 

87-3 

88-2 

89-2 

90-1 

91 

91-9 

92-9 

37-4 

93-8 

94-7 

95-6 

96-5 

97-4 

98-3 

99-2 

3C. 

1011 

1011 

1011 

1011 

1011 

1012 

1012 

1012 

1012 

1012 

3C. 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

1012 

39-2 

84-2 

85-1 

86-1 

87 

87-9 

88-9 

89-8 

90-8 

91-7 

92-7 

39-2 

93-6 

94-5 

95-4 

96-3 

97-2 

98-1 

99 

99-9 

4C. 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

4C. 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

1011 

41-0 

83-9 

84-8 

85-8 

8G-7 

87-7 

88-G 

89-6 

90-5 

91-5 

92-4 

41-0 

93-4 

94-3 

95-2 

96-1 

97 

97-9 

98-8 

99-7 

6C. 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

5C. 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

1010 

42-8 

83-6 

84-5 

85-5 

8G-5 

87-4 

88-4 

89-3 

90-2 

91-2 

92-2 

42-8 

93-1 

94-1 

95 

95-9 

96-8 

97-8 

98-7 

99-6 

6C. 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

6C. 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

1009 

44-6 

83-3 

84-2 

85-2 

8G-2 

87-2 

88-1 

89-1 

90 

91 

91-9 

44-6 

92-9 

93-9 

94-8 

95-7 

96-6 

97-6 

98-5 

99-4 

7 C. 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

7 C. 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

1008 

48-4 

83 

84 

85 

85-9 

8G-9 

87-9 

88-8 

89-8 

90-7 

91-7 

46-4 

92-7 

93-6 

94-6 

95-5 

96-4 

97-4 

98-3 

99-2 

8C. 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

8C. 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

1007 

48-2 

82-7 

83-7 

84-7 

85-7 

8G-G 

87-G 

88-6 

89-5 

90-5 

91-5 

48-2 

92-5 

93-4 

94-4 

95-3 

96-2 

97-2 

98-1 

99-1 

100 

9C. 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

9 C. 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

50-0 

82-4 

83-4 

84-4 

85-4 

8G-4 

87-4 

88-3 

89-3 

90-2 

91-2 

50-0 

92-2 

93-2 

94-2 

95-1 

96 

97 

98 

98-9 

99-9 

IOC. 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

10  C. 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

1005 

51-8 

82-2 

83-1 

84-1 

85-1 

8G-1 

87-1 

88 

89 

90 

91 

51-8 

92 

92-9 

93-9 

94-9 

95-8 

96-8 

97-8 

98-7 

99-7 

11  C. 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

11  C. 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

1004 

53-6 

81-9 

82-9 

83-9 

84-8 

85-8 

86-8 

87-8 

88-7 

89-7 

90-7 

53-6 

91-7 

92-7 

93-7 

94-7 

95-6 

96-6 

97-6 

98-5 

99-5 

12  C. 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

12  C. 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

1003 

5.5-4 

81-6 

82-6 

83-G 

84-6 

85-5 

8G-5 

87-5 

88-5 

89-5 

90-5 

55-4 

91-5 

92-5 

93-5 

94-4 

95-4 

96-4 

97-4 

98-4 

99-3 

13  C. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

13  C. 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

1002 

57-2 

81-3 

82-3 

83-3 

84-3 

85-3 

8G-3 

87-3 

88-2 

89-2 

90-2 

57-2 

91-2 

92-2 

93-2 

94-2 

95-2 

96-2 

97-2 

98-2 

99-2 

14  C. 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

14  C. 

1001 

1001 

lOOi 

1001 

1001 

1001 

1001 

1001 

1001 

59-0 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

59-0 

91 

92 

93 

94 

95 
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78 
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82-1 

83-2 

84-2 

85-2 

86-3 

87-4 

77-0 

88-4 

89-5 

90-6 

91-6 

92-7 

93-8 

94-9 
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988 

988 
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985 

984 

984 
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The  second  of  G-ay-Lussac’s  tables  corresponds  to 
Table  VII.  of  Tralles,  and  gives  directly,  but  less 
accurately,  that  which  by  the  former  table  is  only  ob- 
tained by  a calculation,  najiiely,  the  per  centage  by 
volume  of  the  liquid  at  any  temperature  at  which  it  is 
tested,  from  the  observed  per  cent.  Thus,  if,  as  in  the 
former  example,  the  alcoholometer  indicated  59  per 


cent,  in  the  liquid  at  77°,  the  observed  per  cent.,  59,  is 
sought  for  in  the  upper  horizontal  column,  and  in  the 
vertical  column  below  it  that  number  is  then  taken 
which  is  in  the  same  horizontal  column  with  the  ob- 
served temperature,  77°,  in  the  left-hand  column,  which 
in  this  case  is  55,  or  the  liquid  at  the  observed  tempera- 
ture of  77°  contains  55  volumes  of  anhydrous  alcohol. 


Table  II. 


ALCOHOLOMETKIC  TABLE  OP  GAY-LUSSAC, 

To  find  directly  the  per  centage  of  absolute  alcohol  of  a liquid  at  any  temperature — its  richness — from  the  observed  per  centage 

at  the  same  temperature. 


Observed  per  centage  of  the  Alcoholometer. 
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p.cent 
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p.cent 
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27-4 

28-4 

29-4 

30-4 

31-4 

32-4 

33-4 

34-4 

35-4 

36-4 

37-4 

38-4 

39-4 

40-4 

59-0 

15 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

60-8 

16 

20-7 

21-7 

22-7 

23-7 

24-7 

25-7 

26-6 

27-6 

28-6 

29-6 

30-6 

31-6 

32-5 

33-5 

34-5 

35-5 

36-5 

37-5 

38-5 

39-5 

62-6 

17 

20-4 

21-4 

22-4 

23-4 

24-4 

25-4 

26-3 

27-3 

28-2 

29-2 

30-2 

31-2 

32-1 

33-1 

34-1 

35-1 

36-1 

37-1 

38-1 

39-1 

04-4 

18 

20-1 

21-1 

22 

23 

24 

25 

25-9 

26-9 

27-8 

28-8 

29-8 

30-8 

31-7 

32-6 

33.6 

34-6 

35-6 

36-6 

37-6 

38-6 

66-2 

19 

19-8 

20-8 

21-7 

22-7 

23-6 

24-6 

25-5 

26-4 

27-3 

28-3 

29-3 

30-3 

31-2 

32-2 

33-2 

34-2 

35-2 

36-2 

37-2 

38-2 

68-0 

20 

19-5 

20-5 

21-4 

22-4 

23-3 

24-3 

25-2 

26-1 

27 

27-9 

28-9 

29-9 

30-8 

31-8 

32-8 

33-8 

34-8 

35-8 

36-8 

37-8 

69-8 

21 

19-1 

20-1 

21-1 

22-1 

22-9 

23-9 

24-8 

25-6 

26-6 

27-5 

28-5 

29-5 

30-4 131-4 

32-4 

33-4 

34-4 

35-4 

36-4 

37-4 

71-6 

22 

18-8 

19-8 

20-7 

21-6 

22-5 

23-5 

24-3 

25-2 

26-2 

27-1 

28-1 

29-1 

30 

31 

32 

33 

34 

35 

36 

36-9 

73-4 

23 

18-5 

19-4 

20-3 

21-3 

22-2 

23-1 

24 

24-9 

25-8 

26-7 

27-7 

28-7 

29-6 

30-6 

31-6 

32-6 

33-5 

34-5 

35-5 

36-5 

75-2 

24 

18-2 

19-1 

20 

21 

21-8 

22-7 

23-6 

24-5 

25-4 

26-3| 

27-3 

28-3 

29-2 

30-2 

31-1 

32-1 

33-1 

34-1 

35-1 

36-1 

VOL.  I. 
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Table  II. — Continued. 

Observed  per  centage  of  the  Alcoholometer. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1 31 

82 

33 

34 

35 

36 

37 

38 

SO 

40 

l<ahr. 

Cent 

p.cent 

p.cent. 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent  p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

77-0 

25 

17-9 

18-8 

19-7 

20-6 

21-5 

22-4 

23-2 

24-2 

25-1 

26 

26-9 

27-9 

28-8 

29'7 

30-7 

31-7 

32-7 

33-7 

34-7 

35-7 

78-8 

26 

17-6 

18-5 

19-4 

20-3 

21-2 

22-1 

22-9 

23-8 

24-7 

25-6 

26-5 

27-5 

28-4 

29-3 

30-3 

31-3 

32-3 

33-3 

34-3 

35-3 

80-6 

27 

17-3 

18-2 

19-1 

20 

20-8 

21-7 

22-6 

23-5 

24-3 

25-2 

26-1 

27-1 

27-9 

28-9 

29-9 

30-9 

31-9 

32-9 

33-9 

34-8 

82-4 

28 

16-9 

17-9 

18-8 

19-6 

20-5 

21-4 

22-2 

23-1 

23-9 

24-8 

25-7 

26-6 

27-5 

28-5 

29-5 

30-5 

31-5 

32-5 

33-5 

34-4 

84-2 

29 

16-6 

17-5 

18-4 

19-3 

20-2 

21 

21-8 

22-7 

23-6 

24-4 

25-2 

26-2 

27-1 

28-1 

29-1 

30-1 

31-1 

32-1 

33-1 

34 

86  0 

30 

16-3 

17-2 

18-1 

19 

19-8 

20-7 

21-5 

22-4 

23-2 

24 

24-9 

25-8 

26-7 

27-7 

28-7 

29-7 

30-7 

31-6 

32-6 

33-6 

Tomp» 

41 

42 

43 

44 

45 

46 

47 

48 

49 

60 

61 

62 

63 

64 

65 

60 

67 

68 

69 

60 

Fahr. 

Cent 

p.cent. 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent. 

p.cent 

p.cent 

32-0 

0 

47-4 

48-4 

49-3 

.50-3 

51-3 

52-3 

53-2 

54-1 

55-1 

56-1 

57-1 

58 

59 

59-9 

60-9 

61-9 

62-9 

63-9 

64-9 

65-8 

33-8 

1 

47 

48 

48-9 

49-9 

50-8 

51-8 

52-8 

53-7 

54-7 

55-7 

56-7 

57-6 

58-6 

59-6 

60-6 

61-6 

62-5 

63-5 

64-5 

65-5 

35-6 

2 

46-5 

47-5 

48-5 

49-5 

50-4 

51-4 

52-3 

53-3 

54-3 

55-3 

56-3 

57-2 

58-2 

59-2 

60-2 

61-2 

62-1 

63-1 

64-1 

65-1 

37-4 

3 

46-2 

47-1 

48-1 

49 

50 

51 

52 

52-9 

53-9 

54-8 

55-8 

56-8 

57-8 

58-8 

59'8 

60-8 

61-7 

62-7 

63-7 

64-7 

39-2 

4 

45-8 

46-7 

47-7 

48-7 

49-6 

50-6 

51-5 

52-5 

53-5 

54-5 

55-5 

56-5 

57-4 

58-4 

59-4 

60-3 

61-3 

62-3 

63-3 

64-3 

41-0 

5 

45-3 

46-2 

47-2 

48-2 

49-2 

50-2 

51-1 

52-1 

53-1 

54 

55 

56 

57 

58 

59 

60 

60-9 

61-9 

62-9 

63-9 

42-8 

6 

44-9 

45-8 

46-8 

47-8 

48-8 

49-8 

50-8 

51-7 

52-7 

53-7 

54-7 

55-6 

66'6 

57-5 

58-5 

59-5 

60-5 

61-5 

62-5 

63-5 

44-6 

7 

44-4 

45-4 

46-4 

47-4 

48-4 

49-4 

50-4 

51-3 

52-3 

53-2 

54-2 

55-2 

56-2 

57-1 

58-1 

59-1 

60-1 

61-1 

62-1 

63-1 

46-4 

8 

44 

45 

46 

47 

47-9 

48-9 

49-9 

50-9 

51-9 

52-9 

53-9 

54-9 

55-8 

56-8 

57-8 

58-8 

59-8 

60-8 

61-8 

62-8 

48-2 

9 

43-6 

44-6 

45-6 

46-6 

47-5 

48-5 

49-5 

50-5 

51-5 

52-5 

53-5 

64'5 

55-4 

56-4 

57-4 

58-4 

59-4 

60-4 

61-4 

62-4 

500 

10 

43-1 

44-1 

45-1 

46-1 

47-1 

48-1 

49-1 

50-1 

51-1 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

51-8 

11 

42-7 

43-7 

44' 7 

45-7 

46-7 

47-7 

48-7 

49-7 

50-7 

51-7 

52-7 

53-7 

54-6 

55-6 

56-6 

57-6 

58-6 

59-6 

60-6 

61-6 

53-6 

12 

42-3 

43-3 

44-3 

45-3 

46-3 

47-3 

48-3 

49-3 

50-3 

51-2 

52-2 

53-2 

54-2 

55-2 

56-2 

57-2 

58-2 

59-2 

60-2 

61-2 

55-4 

13 

41-9 

42-9 

43-9 

44-9 

45-9 

46-9 

47-9 

48-9 

49-9 

50-9 

51-9 

52-8 

53-8 

54-8 

55-8 

56-8 

57-8 

58-8 

59-8 

60-8 

57-2 

14 

41-4 

42-4 

43-4 

44-4 

45-4 

46-4 

47-4 

48-4 

49-4 

50-4 

51-4 

52-4 

53-4 

54-4 

55-4 

56-4 

57-4 

58-4 

59-4 

60-4 

59-0 

15 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

60-8 

16 

40-6 

41-6 

42-6 

43-6 

44-6 

45-6 

46-6 

47-6 

48-6 

49-6 

50-6 

51-6 

52-6 

53-6 

54-6 

55-6 

56-6 

57-6 

58-6 

59-6 

62-6 

17 

40-1 

41-1 

42-1 

43-1 

44-1 

45-2 

46-2 

47-2 

48-2 

49-2 

50-2 

51-2 

52-2 

53-2 

54-2 

55-2 

56-2 

57-2 

58-2 

59-2 

64-4 

18 

39-7 

40-7 

41-7 

42-7 

43-7 

44-8 

45-8 

46-8 

47-8 

48-8 

49-8 

50-8 

51-8 

52-8 

53-8 

54-8 

55-8 

56-8 

57-8 

58-8 

66-2 

19 

39-3 

40-3 

41-3 

42-4 

43-4 

44-4 

45'4 

46-4 

47-4 

48-4 

49-4 

50-4 

51-4 

52-4 

53-4 

54-4 

55-4 

56-4 

57-4 

58-4 

68-0 

20 

38-9 

39-9 

40-9 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

69-8 

21 

38-4 

39-4 

40-4 

41-5 

42-5 

43-5 

44-6 

45-6 

46-6 

47-6 

48-6 

49-6 

50-6 

51-6 

52-6 

53-6 

54-6 

55-6 

56-6 

57-6 

71-6 

22 

38 

39 

40 

41-1 

42-1 

43-1 

44-1 

45-1 

46-1 

47-1 

48-1 

49-1 

50-1 

51-1 

52-2 

53-2 

54-2 

55-2 

56-2 

57-2 

73-4 

23 

37-6 

38-6 

39-6 

40-6 

41-6 

42  6 

43-6 

44-6 

45-7 

46-7 

47-7 

48-8 

49-8 

50-8 

51-8 

52-8 

53-8 

54-8 

55-8 

56-8 

75-2 

24 

37-2 

38-2 

39-2 

40-2 

41-2 

42-2 

43-3 

44-3 

45-3 

46-3 

47-3 

48-4 

49-4 

50-4 

51-4 

52-4 

53-4 

54-4 

55-4 

56-4 

77-0 

25 

36-7 

37-7 

38-7 

39-8 

40-8 

41-9 

42-9 

43-9 

44-9 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

78-8 

26 

36-3 

37-3 

38-3 

39-4 

40-4 

41-5 

42-5 

43-5 

44-5 

45-5 

46-5 

47-5 

48-5 

49-5 

50-5 

51-5 

52-5 

53-5 

54-5 

55-6 

80-6 

27 

35-9 

36-9 

37-9 

39 

40 

41-1 

42-1 

43-1 

44-1 

45-1 

46-1 

47-1 

48-1 

49-1 

50-2 

51-2 

52-2 

53-2 

54-2 

55-2 

82-4 

28 

35-4 

36-5 

37-5 

38-6 

39-6 

40-6 

41-6 

42-6 

43-7 

44-7 

45-7 

46-7 

47-7 

48-7 

49-8 

50-8 

51-8 

52-8 

53-8 

54-8 

84-2 

29 

35 

36 

37-1 

38-1 

39-1 

40-2 

41-2 

42-2 

43-3 

44-3 

45-3 

46-3 

47-3 

48-4 

49-4 

50-4 

51-4 

52-4 

53-4 

54-4 

86-0 

30 

34-6 

35-6 

36-6 

37-7 

38-7 

39-8 

40-8 

41-8 

42-8 

43.8 

44-9 

45-9 

47 

48 

49 

50 

51 

52 

53 

54 

Temp. 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

Fahr. 

Cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent  p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

p.cent 

32-0 

0 

66-8 

67-8 

68-8 

69-8 

70-8 

71-7 

72-7 

73-7 

74-7 

75-7 

76-6 

77-6 

78-6 

79-6 

80-6 

81  -6 

82-6 

83-6 

84-5 

85-5 

33-8 

1 

66-5 

67-5 

68-5 

69-4 

70-4 

71-3 

72-3 

73-3 

74-3 

75-3 

76-2 

77-2 

78-2 

79-2 

80-2 

81-2 

82-2 

83-2 

84-2 

85-1 

35-6 

2 

66-1 

67-1 

68-1 

69-1 

70-1 

71 

71-9 

72-9 

73-9 

74-9 

75-9 

76-9 

77-9 

78-9 

79-9 

80-9 

81-9 

82-9 

83-8 

84-7 

37-4 

3 

65-6 

66-6 

67-6 

68-6 

69-6 

70-6 

71-6 

72-6 

73-6 

74-5 

75-5 

76-5 

77-5 

78-5 

79-5 

80-5 

81-5 

82-5 

83-4 

84-4 

39-2 

4 

65-3 

66-3 

67-3 

68-3 

69-3 

70-2 

71-2 

72-2 

73-2 

74-1 

75-1 

76-1 

77-1 

78-1 

79-1 

80-1 

81-1 

82-1 

83 

84 

41-0 

5 

64-9 

65-9 

66-9 

67-9 

68-9 

69-8 

70-8 

71-8 

72-8 

73-8 

74-8 

75-7 

76-7 

77-7 

78-7 

79-7 

80-7 

81-7 

82-7 

83-7 

42-S 

6 

64-5 

65-5 

66-5 

67-5 

68-5 

69-5 

70-5 

71-5 

72-5 

73-4 

74-4 

75-3 

76-3 

77-3 

78-3 

79-3 

80-3 

81-3 

82-3 

83-3 

44-6 

7 

64-1 

65-1 

66-1 

67-1 

68-1 

69-1 

70-1 

71-1 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

82-9 

46-4 

8 

63-8 

64-8 

65-8 

66-8 

67-7 

68-7 

69-7 

70-6 

71-6 

72-6 

73-6 

74-6 

75-6 

76-6 

77-6 

78-6 

79-6 

80-6 

81-6 

82-6 

48-2 

9 

63-4 

64-4 

65-4 

66-4 

67-3 

68-3 

69-3 

70-3 

71-3 

72-3 

73-3 

74-2 

75-2 

76-2 

77-2 

78-2 

79-2 

80-2 

81-2 

82-2 

50-0 

10 

63 

64 

65 

66 

67 

67-9 

68-9 

69-9 

70-9 

71-9 

72-9 

73-9 

74-9 

75-9 

76-9 

77-9 

78-9 

79-9 

80-9 

81-9 

51-8 

11 

62-6 

63-6 

64-6 

65-6 

66*6 

67-6 

68-6 

69 '6 

70-6 

71-6 

72-6 

73-5 

74-5 

75-5 

76-5 

77-5 

78-5 

79-5 

80-5 

81-5 

53-6 

12 

62-2 

63-2 

64-2 

65-2 

66-2 

67-2 

68-2 

69-2 

70-2 

71-2 

72-2 

73-1 

74-1 

75-1 

76-1 

77-1 

78-1 

79-1 

80-1 

8M 

55-4 

13 

61-8 

62-8 

63-8 

64-8 

65-8 

66'8 

67-8 

68-8 

69-8 

70-8 

71-8 

72-8 

73  8 

74-8 

75-8 

70-8 

77-8 

78-8 

79-8 

80-8 

.57-2 

14 

61-4 

62-4 

63-4 

64-4 

65-4 

66-4 

67-4 

68-4 

69-4 

70-4 

71-4 

72-4 

73-4 

74-4 

75-4 

76-4 

77-4 

78-4 

79-4 

80-4 

59-0 

15 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

60-8 

16 

60-6 

61-6 

62-6 

63-6 

64-6 

65-6 

66-6 

67-6 

68-6 

69-6 

70-6 

71-6 

72-6 

73-6 

74-6 

75-6 

76-6 

77-6 

78-6 

79-6 

62-6 

17 

60-2 

61-2 

62-2 

63-2 

64-2 

65-2 

66-3 

67-2 

68-2 

69-2 

70-2 

71-2 

72-2 

73-2 

74-2 

75-2 

76-2 

77-2 

78-2 

79-2 

64-4 

18 

59-8 

60-8 

61-8 

62-8 

63-8 

64-8 

65-8 

66-8 

67-8 

68-8 

69-8 

70-8 

71-8 

72-8 

73-8 

74-9 

75-9 

76-9 

77-9 

78-9 

66-2 

19 

59-4 

60-4 

61-4 

62-5 

63-5 

64-5 

65-5 

66-5 

67-5 

68-5 

69-5 

70-5 

71-5 

72-5 

73-5 

74-5 

75-5 

76-5 

77-5 

78-5 

68-0 

20 

59 

60 

61 

62 

63 

64 

65-1 

66-1 

67-1 

68-1 

69-1 

70-1 

71-1 

72-1 

73-1 

74-1 

75-1 

76'1 

77-1 

78-1 

69-8 

21 

58-6 

59-6 

60-7 

61-7 

62-7 

63-7 

64-7 

65-7 

66-7 

67-7 

68-7 

69-7 

70-7 

71-7 

72-7 

73-7 

74-7 

75-8 

76-8 

77-8 

71-6 

22 

58-2 

59-2 

60-3 

61-3 

62-3 

63-3 

64-3 

65-3 

66-3 

67-3 

68-3 

69-3 

70-3 

71-3 

72-3 

73-3 

74-3 

75-4 

76-4 

77-4 

73-4 

23 

57-8 

58-8 

59-8 

60-9 

61-9 

62-9 

63-9 

64-9 

65-9 

66-9 

67-9 

68-9 

70 

71 

72 

73 

74 

75 

76 

77 

75-2 

24 

57-4 

58-4 

59-4 

60-5 

61-5 

62-5 

63'5 

64-5 

65-5 

66-5 

67-5 

68-5 

69-6 

70-6 

71-6 

72-6 

73-6 

74-6 

75-6 

76-6 

77-0 

25 

57 

58 

59 

60-1 

61-1 

62-1 

63-1 

64-1 

65-1 

66-1 

67-1 

68-1 

69  2 

70-2 

71-2 

72-2 

73-2 

74-2 

75-3 

76-3 

78-8 

26 

56-6 

57-6 

58-6 

59-6 

60-7 

61-7 

62-7 

63-7 

64-7 

65  7 

66-7 

67-7 

68-8 

69-8 

70-8 

71-8 

72-8 

73-8 

74-8 

75-9 

80-6 

27 

56-2 

57-2 

58-3 

59-3 

60-3 

61-3 

62-3 

63-3 

64-3 

65-3 

66-3 

67-3 

68-4 

69-4 

70-4 

71-4 

72-4 

73-4 

74-4 

75-5 

82-4 

28 

55-8 

56-8 

67'8 

58-8 

59-9 

60-9 

61-9 

62-9 

63-9 

64-9 

66 

67 

68 

69-1 

70-1 

71-1 

72-1 

73-1 

74-1 

75-1 

84-2 

29 

55-4 

56-4 

57-4 

58-5 

59-5 

60-5 

61-5 

62-5 

63-5 

64-5 

65-6 

66-6 

67-7 

68-7 

69-7 

70-7 

71-7 

72-7 

73-7 

74-7 

86-0 

30 

55 

56 

57  •! 

58-1 

59-1 

60-1 

61-1 

62-1 

63-1 

64-1 

65-2 

66-2 

67-3 

68-3 

69-3 

70-3 

71-3 

72-3 

73-3 

74-3 
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Table  II. — Concluded. 


Observed  per  centagre  of  the  Alcoholometer. 


Temp. 

Fahr.  Cent. 

81 

p.cent. 

82 

p.cent 

83 

p.cent. 

84  1 83 
p.cenL  p.cent 

86 

p.cent 

87 

p.cent 

88 

p.cent 

89 

p.cent 

90 

p.cent 

91 

p.cent 

92 

p.cent 

93 

p.cent 

94 

p.cent 

95 

p.cent 

1 96 

p.  cent 

97 

p.  cent 

98 

p.  cent. 

99 

p.  cent 

100 

p.  cent 

32-0 

0 

86-4 

87-4 

88-3 

89-2 

90-2 

91-2 

92-2 

93-1 

94 

95 

95-9 

96-8 

97-7 

98-6 

99-5 

100-3 

101-2 

33-8 

1 

86-1 

87 

88 

89 

89-9 

90-8 

91-8 

92-8 

93-7 

94-6 

95-6 

96-5 

97-4 

98-3 

99-2 

100 

100-9 

35-6 

2 

85-7 

86-6 

87-6 

88-6 

89-6 

90-5 

91-5 

92-4 

93-4 

94-3 

95-2 

96-1 

97 

97-9 

98-9 

99-8 

100-7 

37-4 

3 

85-3 

86-3 

87-3 

88-3 

89-2 

90-2 

91-2 

92-1 

93 

94 

94-9 

95-8 

96-7 

97-7 

98-6 

99-5 

100-4 

39-2 

4 

85 

86 

87 

88 

88-9 

89-9 

90-8 

91-8 

92-7 

93-7 

94-6 

95-5 

96-4 

97-4 

98-3 

99-2 

100-1 

101 

41-0 

5 

84-7 

85-6 

86-6 

87-6 

88-5 

89-5 

90-5 

91-4 

92-4 

93-3 

94-3 

95-2 

96-2 

97-1 

98 

98-9 

99-8 

100-7 

42-8 

6 

84-3 

85-3 

86-3 

87-3 

88-2 

89-2 

90-1 

91 

92 

93 

93-9 

94-9 

95-9 

96-8 

97-7 

98-7 

99-6 

100-5 

44-6 

7 

83-9 

84-9 

85-9 

86-9 

87-9 

88-8 

89-8 

90-7 

91-7 

92-6 

93-6 

94-6 

95-6 

96-5 

97-4 

98-4 

99-3 

100-2 

46-4 

8 

83-6 

84-6 

85-6 

86-5 

87-5 

88-5 

89-4 

90-4 

91-3 

92-3 

93-3 

94-3 

95-3 

96-2 

97-1 

98-1 

99 

99-9 

48-2 

9 

83-2 

84-2 

85-2 

86-2 

87-1 

88-1 

89-1 

90 

91 

92 

93 

94 

95 

95-9 

96-8 

97-8 

98-7 

99-7 

100 

50-0 

10 

82-8 

83-8 

84-8 

85-8 

86-8 

87-8 

88-7 

89-7 

90-7 

91-7 

92-7 

93-7 

94-7 

95-6 

96-5 

97-5 

98-5 

99-4 

100-4 

51-8 

11 

82-5 

83-4 

84-4 

85-4 

86-4 

87-4 

88-4 

89-4 

90-4 

91-4 

92-4 

93-3 

94-3 

95-3 

96-2 

97-2 

98-2 

99-1 

100-1 

53-6 

12 

82-1 

83-1 

84-1 

85 

86 

87 

88 

89 

90 

91 

9-2 

93 

94 

95 

95-9 

96-9 

97-9 

98-8 

99-8 

55-4 

13 

81-8 

82-8 

83-8 

84-8 

85-7 

86-7 

87-7 

88-7 

89-7 

90-7 

91-7 

92-7 

93-7 

94-6 

95-6 

96-6 

97-6 

98-6 

99-5 

.57-2 

14 

81-4 

82-4 

83-4 

84-4 

85-4 

86-4 

87-4 

88-3 

89-3 

90-3 

91-3 

92-3 

93-3 

94-3 

95-3 

96-3 

97-3 

98-3 

99-3 

59-0 

15 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

60-8 

16 

80-6 

81-6 

82  6 

83-6 

84-6 

85-6 

86-6 

87-6 

88-6 

89-6 

90-7 

91-7 

92-7 

93-7 

94-7 

95-7 

96-7 

97-7 

98-7 

99-7 

62-6 

17 

80-2 

81-2 

82-2 

83-2 

84-2 

85-2 

86-2 

87-2 

88-2 

89-3 

90-3 

91-3 

92-4 

93-4 

94-4 

95-4 

96-4 

97-4 

98-5 

99-5 

64-4 

18 

79-9 

80-9 

81-9 

82-9 

83-9 

84-9 

85-9 

86-9 

87-9 

88-9 

89-9 

91 

92 

93 

94 

95-1 

96-1 

97-1 

98-2 

99-2 

66-2 

19 

79-5 

80-5 

81-6 

82-6 

83-6 

84-6 

85-6 

86-6 

87-6 

88-6 

89-6 

90-7 

91-7 

92-7 

93-7 

94-8 

95-8 

96-9 

97-9 

98-9 

68-0 

20 

79-1 

80-1 

81-2 

82-2 

83-2 

84-2 

85-2 

86-2 

87-2 

88-2 

89-2 

90-3 

91-3 

92-4 

93-4 

94-5 

95-5 

96-6 

97-6 

98-6 

69-8 

21 

78-7 

79-7 

80-8 

81-8 

82-8 

83-8 

84-8 

85-9 

86-9 

87-9 

88-9 

90 

91 

92 

93-1 

94-1 

95-2 

96-3 

97-3 

98-4 

71-6 

22 

78-4 

79-4 

80-4 

81-4 

82-4 

83-4 

84-4 

85-5 

86-5 

87-6 

88-6 

89-6 

90-7 

91-8 

92  8 

93-9 

94-9 

96 

97 

98-1 

73-4 

23 

78 

79 

80-1 

81-1 

82-1 

83-1 

84-1 

85-1 

86-1 

87-2 

88-3 

89-3 

90-4 

91-4 

92-4 

93-5 

94-6 

95-7 

96-7 

97-8 

75-2 

24 

77-6 

78-6 

79-7 

80-7 

81-7 

82-7 

83-7 

84-7 

85-7 

86-8 

87-9 

88-9 

90 

91-1 

92-1 

93-2 

94-3 

95-3 

96-4 

97-5 

77-0 

25 

77-3 

78-3 

79-3 

80-3 

81-3 

82-3 

83-4 

84-4 

85-4 

86-5 

87-5 

88-6 

89-7 

90-7 

91-8 

92-9 

93-9 

95 

96-1 

97-2 

78-8 

26 

76-9 

77-9 

78-9 

79-9 

80-9 

81-9 

82-9 

84 

85 

86-1 

87-2 

88-2 

89-3 

90-4 

91-5 

92-5 

93-6 

94-7 

95-8 

97 

80-6 

27 

76-5 

77-5 

78-5 

79-5 

80-5 

81-6 

82-6 

83-6 

84-7 

85-7 

86-8 

87-9 

89 

90 

91-1 

92-2 

93-3 

94-4 

95-5 

96-7 

82-4 

28 

76-1 

77-1 

78-2 

79-2 

80-2 

81-3 

82-3 

83-3 

84-3 

85-4 

86-5 

87-5 

88-6 

89-7 

90-8 

91-9 

93 

94-1 

95-2 

96-4 

84-2 

29 

75-7 

76-8 

77-8 

78-8 

79-8 

80-9 

81-6 

83 

84 

85 

86-1 

87-2 

88-2 

89-3 

90-4 

91-6 

92-7 

93-8 

94-9 

96-1 

86-0 

30 

75-3 

76-4 

77-4 

78-4 

79-4 

80-5 

81-5 

82-6 

83-6 

84-7 

85-8 

86-9 

87-9 

89 

90-1 

91-2 

92-4 

93-5 

94-6 

95-8 

Tralles’  and  Gay-Lussac’s  alcoholometers  have 
been  adopted  in  difierent  countries;  the  first  in  Prussia, 
the  latter  in  France  and  Sweden.  They  both  give  the 
per  cent,  of  alcohol  in  volume.  If  it  be  desired  to  know 
the  per  cent,  by  weight,  it  may  be  ascertained  from  the 
per  cent,  in  volume  of  the  liquid  at  60°,  by  the  following 


degree — 0-7939  in  Tralles’  tables,  and  0-7947  in  Gay- 
Lussac’s — and  dividing  this  product  by  the  density  of 
the  liquid  at  the  observed  temperature.  Subjoined  is  a 
TABLE  BY  LOWITZ, 

Giving  the  per  cent,  of  absolute  alcohol  by  weight,  from  the 
specific  gravity  at  68°. 


TABLE  OF  COMPARISON 

Between  the  per  cent,  of  alcohol  by  volume  at  60° — Tralles’ 
— and  per  cent,  by  weight. 


Per  cent 

Per  cent 

By  volume. 

By  weight 

By  weight. 

By  volume. 

0 

0- 

0 

0- 

5 

4-00 

5 

6-25 

10 

8-05 

10 

12-42 

15 

12-15 

15 

18-.52 

20 

16-28 

20 

24-57 

25 

20-46 

25 

30-55 

30 

24-69 

30 

36-45 

35 

28-99 

35 

42-25 

40 

33-39 

40 

47-92 

45 

37-90 

45 

53-43 

50 

42-52 

50 

.58-79 

55 

47-29 

55 

63-97 

60 

52-20 

60 

68-97 

65 

57-25 

65 

73-79 

70 

62-51 

70 

78-40 

75 

67-93 

75 

82-80 

80 

73-59 

80 

86-97 

85 

79-50 

85 

90-88 

90 

85-75 

90 

94-46 

95 

92-46 

95 

97-61 

100 

100-00 

100 

100-00 

Knowing  the  per  centage  volume  of  alcohol  in  a hquid 
at  any  temperature,  the  same  results  are  arrived  at  when 
such  per  centage  is  multiplied  by  the  specific  gravity  of 
the  pure  anhydrous  spirit  at  the  normal  thermometric 


Per  cent 
of 

alcohol 

by 

weight 

1 

Spedfle 
gravity 
at  68®. 

Per  cent 
01 

alcohol 

by 

weight 

Specific 
gravity 
at  68®. 

Per  cent 
of 

alcohol 

by 

weight. 

Specific 
gravity 
at  66®. 

Per  cent 
of 

alcohol 

by 

weight 

Specific 
gravity 
at  6b®. 

100 

791 

74 

859 

48 

919 

23 

968 

99 

794 

73 

861 

47 

921 

22 

970 

98 

797 

72 

863 

46 

923 

21 

971 

97 

800 

71 

866 

45 

925 

20 

973 

96 

803 

70 

868 

44 

927 

19 

974 

95 

805 

69 

870 

43 

930 

18 

976 

94 

808 

68 

872 

42 

932 

17 

977 

93 

811 

67 

875 

41 

934 

16 

978 

92 

813 

66 

877 

40 

936 

15 

980 

91 

816 

65 

880 

39 

938 

14 

981 

90 

818 

64 

882 

38 

940 

13 

983 

89 

821 

63 

885 

37 

942 

12 

985 

88 

823 

62 

887 

36 

944  1 

11 

986 

87 

826 

61 

889 

35 

946 

10 

987 

86 

828 

60 

892 

34 

948 

9 

988 

85 

831 

59 

894 

33 

950 

8 

989 

84 

834 

58 

896 

32 

952 

7 

991 

83 

836 

57 

899 

31 

954 

6 

992 

82 

839 

56 

901 

30 

956 

5 

994 

81 

842 

55 

903 

29 

957 

4 

995 

80 

844 

54 

905 

28 

959 

3 

997 

79 

847 

53 

907 

27 

961 

2 

998 

78 

849 

52 

909 

26 

963 

1 

999 

77 

851 

51 

912 

25 

965 

0 

1000 

76 

853 

50 

914 

24 

966 

75 

856 

49 

917 

When  a scale  of  per  cent,  by  weight  is  added  to 
Tralles’  alcoholometer,  it  sometimes  bears  the  name 
of  Kicuter’s  scale,  in  which,  as  in  other  cases,  is  often 
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meant  only  per  cent,  by  weight,  without  reference  to 
his  original  alcoholometer,  and  which  is  less  accurate. 

In  England,  the  amount  of  revenue  which  flows  into 
the  Treasury  annually,  from  the  trade  in  spiritous 
liquors,  renders  it  a matter  of  some  importance  to 
ascertain  the  real  strength  or  per  centage  of  alcohol 
with  expedition  and  accuracy.  To  attain  this  ob- 
ject, various  forms  of  alcoholometers  have  been  con- 
structed, some  of  which,  as  Sykes’  hydrometer,  have 
been  sanctioned  by  the  Excise  board.  This  instru- 
ment does  not  at  once  note  the  specific  gravity  of  the 
liquid,  but  the  excess  or  deficiency  of  alcohol  above 
or  below  a standard  liquor  called  proof  spirit — a term 
which  originated  in  a rude  method  of  ascertaining  the 
strength  of  spirit,  by  pouring  it  upon  some  gunpowder 
in  a dish,  and  igniting  it.  This  was  called  the  proof. 
If  the  gunpowder  took  fire  at  the  end  of  the  com- 
bustion, the  alcoholic  liquor  was  said  to  be  above  or 
over  proof ; but,  on  the  other  hand,  if  the  powder  did 
not  take  fire,  the  liquor  was  reputed  to  be  below  or 
under  proof.  The  gunpowder  test,  however,  is  quite 
uncertain  as  to  the  quantity  of  spirit  present  in  the 
liquid ; for  though  the  powder  is  ignited  when  a small 
portion  is  inflamed,  yet,  on  employing  a larger  quantity, 
so  much  water  is  formed  as  to  prevent  the  ignition. 
By  parliamentary  enactments,  the  strength  of  proof 
spirit  has  been  fixed  at  such  a density  that  thirteen 
volumes,  at  51°  Fahr.,  should  equal  in  weight  twelve 
volumes  of  water  at  the  same  temperature.  Accord- 
ing to  this  standard,  proof  spirit  has  a gravity  of  ‘fllSG 
at  60°  Fahr.,  and  contains  57 ’27  per  cent,  by  volume, 
or  49‘50  per  cent,  by  weight,  of  absolute  alcohol.  The 
liquors  are  estimated  at  the  quantity  of  spirit  above  or 
below  this  standard,  as  the  case  may  be ; and  when  a 
numeral  is  prefixed,  it  means  the  number  of  volumes 
that  are  to  be  added  to  or  subtracted  from  a hundred 
volumes  of  the  liquid,  to  bring  it  to  standard  or  proof 
strength;  thus,  twenty-over-proof  means  that  a hun- 
dred volumes  of  liquor  require  the  addition  of  twenty 
of  water  to  bring  them  to  proof  strength,  and  when  a 
liquid  is  twenty-under-proof,  it  is  understood  that  twenty 
parts  of  water  are  to  be  abstracted. 

Sykes’  hydrometer,  a description  of  which  follows, 
is  constructed  on  this  principle.  This  is  selected  for 
special  illustration,  partly  on  account  of  its  being  almost 
exclusively  employed  by  the  Revenue  in  this  country, 
and  partly  from  its  simpheity. 

It  consists  of  a flat  stem,  A b — Fig.  82 — 3‘4  inches 
long,  which  is  divided  on  both  sides  into  ten  or  some- 
times eleven  equal  parts,  and  each  of  these  subdivided 
into  five,  the  scale  being  numbered  from  zero — 0 — to 
11.  The  stem,  ab,  is  soldered  to  a brass  ball,  1'6  in. 
in  diameter,  into  which  is  fixed  a small  conical  stem, 
c D,  1‘13  in.  long;  at  the  end  of  this  is  a pear-shaped 
loaded  bulb,  d,  half  an  inch  in  diameter.  The  whole 
instrument  is  made  of  brass,  and  is  6'7  inches  long. 
Nine  circular  weights  accompany  it,  numbered  10,  20, 
30,  40,  et  cetera,  up  to  90,  and  there  is  another  weight 
in  the  form  of  a paraUelopiped.  Each  of  the  circular 
weights  is  cut  into  the  centre,  so  that  they  can  be 
placed  on  the  conical  stem  at  c,  and  slid  down  to  D ; in 
consequence  of  the  enlargement  of  the  cone,  they  cannot 
slip  off  at  D,  but  must  be  brought  up  to  c for  that  pur- 
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pose.  The  weight  in  the  form  of  a paraUelopiped  has 
a square  notch  in  one  of  its  sides,  by  which  it  can  be 
placed  on  the  summit.  A,  of  the  stem.  In  using  this 
instrument,  it  is  immersed  in  the  spirit,  and  pressed 
with  the  finger  tiU  sunk  to  zero,  or  0 ; from  the  resist- 
ance felt,  it  will  be  easy  to  judge  which  weight  wiU  be 
required  to  append  to  it.  After  slipping  on  the  weight 
at  c,  the  instrument  is  again  immersed  into  the  liquid, 
and  pressed  with  the  hand 
till  it  has  descended  to  0 
on  the  scale ; the  pressure 
of  the  hand  is  then  with- 
drawn, and  the  apparatus 
is  allowed  to  emerge  and 
settle  at  the  proper  point 
of  the  density  of  the 
liquid,  as  indicated  by  the 
scale  and  weights.  The 
figure  on  the  scale  to 
which  the  hydrometer 
sinks  is  now  carefully 
observed,  and  the  weight 
placed  upon  the  conical 
stem  added  thereto ; this 
sum,  on  referring  to  the 
tables  which  accompany 
the  instrument,  where  the 
same  number  is  found 
under  the  column  indica- 
tion, and  to  the  tempera- 
ture which  corresponds 
with  that  of  the  liquid 
under  examination,  wfll 
give  the  per  centage 
of  alcohol.  The  strength 
is  expressed  in  numbers, 
denoting  the  excess  or  de- 
ficiency per  cent,  of  spirit 
in  any  sample.  Three 
sliding  rules,  which  are 
used  instead  of  the  tables, 
likewise  accompany  the 
hydrometer.  The  exact 
temperature  of  the  liquid 
should  be  taken  previous 
to  ascertaining  the  gra- 
vity, as  the  difference  in 
temperature,  if  not  cor- 
rected, would  give,  as  the 
result,  a weaker  or  strong- 
er liquor  than  if  the  ther- 
mometer stood  at  60°. 

When  Excise  officers  use  this  instrument,  they  are 
instructed  to  take  the  nearest  degree  above  the  mer- 
cury, when  it  stands  between  any  two  degrees  of  the 
thermometer,  as  also  the  next  division  below  the  sur- 
face of  the  liquid,  when  it  marks  the  instrument  between 
any  two  lines,  thereby  giving  whatever  advantage  the 
difference  would  occasion,  in  favor  of  the  trader  or 
manufacturer.  The  square  weight  or  cap  shows  the 
difference  between  the  weight  of  proof  spirit  and  that 
of  water,  as  described  in  the  first  clause  of  the  hydro- 
meter act,  being  one-twelfth  part  of  the  weight  of  the 
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hydrometer  when  loaded  with  the  weight  60.  K this 
weight  be  placed  on  the  top  of  the  stem  at  a,  and  the 
hydrometer  be  loaded  with  the  weight  60,  it  will  sink 
in  distilled  water,  at  the  temperature  of  51°,  to  the 
proof  point,  p,  marked  on  the  narrow  edge  of  the 
stem. 

The  following  wiU  serve  as  examples  to  show  how 
the  strength  of  the  spiritous  liquid  is  ascertained : — 

Example  1. — Suppose  the  temperature  of  the  solu- 
tion to  be  47°,  and  that  the  weight,  60,  is  required  to 
sink  the  stem  of  the  hydrometer  to  8,  which,  when 
added  to  the  weight  60,  wiU  give  68 ; then,  under  the 


temperature  47°,  and  in  a line  with  the  marginal  indi- 
cation, section  60, 68  is  observed,  which  shows  that  the 
liquor  is  ten  and  a half  rmder  proof. 

Example  2. — If  the  stem  of  the  instrument,  when 
loaded  with  50,  sinks  to  5,  and  the  temperature,  as 
shown  by  the  thermometer,  is  45°  Fahr.,  then,  in  the 
marginal  section  headed  50,  55 — equal  to  the  weight 
50,  and  the  indication  on  the  divided  stem — is  found ; 
and  under  the  temperature  45°,  the  noted  strength  is 
10'6  per  cent,  over  proof. 

The  following  are  two  out  of  fifty  pages  in  a book 
given  with  the  instrument : — 


40°  TO  50°  Temperature.  Weight  50. 


Temperature  of  the  spirits  by  Fahrenheit’s  thermometer. 


Indication. 

40» 

43. 

44" 

450 

46* 

47* 

48® 

49° 

60® 

Indication. 

50 

19-2 

18-9 

18-6 

18-3 

18-0 

17-7 

17-3 

17-0 

16-7 

16-4 

16-1 

50 

•2 

18-9 

18-6 

18-3 

18-0 

17-7 

17-4 

17-0 

16-7 

16-4 

16-1 

15-8 

•2 

■4 

18-7 

18-3 

18-0 

17-7 

17-4 

17-1 

16-8 

16-4 

16-1 

15-8 

15-5 

•4 

•6 

18-4 

18-1 

17-8 

17-5 

17-2 

16-9 

16-5 

16-2 

15-9 

15-6 

15-3 

•6 

•8 

18-2 

17-8 

17-5 

17-2 

16-9 

16-6 

16-3 

15-9 

15-6 

15-3 

15-0 

•8 

51 

17-9 

17-5 

17-2 

16-9 

16-6 

16-3 

16-0 

15-6 

15-3 

15-0 

14-7 

51 

•2 

17-6 

17-2 

16-9 

16-6 

16-3 

16-0 

15-7 

15-3 

15-0 

14-7 

14-4 

•2 

•4 

17-3 

16-9 

16-6 

16-3 

16-0 

15-7 

15-4 

15-1 

14-7 

14-4 

14-1 

•4 

•6 

171 

16-7 

16-4 

16-1 

15-8 

15-5 

15-2 

14-8 

14-5 

14-2 

13-9 

•6 

•8 

16-8 

16-4 

16-1 

15  8 

15-5 

15-2 

14-9 

14-6 

14-2 

13-9 

13  6 

•8 

52 

16-5 

16-1 

15-8 

15-5 

15-2 

14-9 

14-6 

14-3 

13-9 

13-6 

13-3 

52 

•2 

16-2 

15-8 

15-5 

15-2 

14-9 

14-6 

14.-3 

14-0 

13-6 

13-3 

13-0 

•2 

•4 

15-9 

15-5 

15-2 

14-9 

14-6 

14-3 

14-0 

13-7 

13-3 

13-0 

12-7 

•4 

•6 

15-6 

15-3 

15-0 

14-7 

14-4 

14-1 

13-7 

13-4 

13-1 

12-8 

12-5 

•6 

•8 

15-3 

15-0 

14-7 

14-4 

14-1 

13-8 

13-4 

13-1 

12-8 

12-5 

12-2 

•8 

53 

15-0 

14-7 

14-4 

14-1 

13-8 

13-5 

13-1 

12-8 

12-5 

12-2 

11-9 

53 

•2 

14-7 

14-4 

141 

13-8 

13-5 

13-2 

12-8 

12-5 

12-2 

11-9 

11-6 

•2 

•4 

14-4 

14-1 

13-8 

13-5 

13-2 

12-9 

12-5 

12-2 

11-9 

n-6 

11  3 

•4 

•6 

14-2 

13-9 

13-6 

13-3 

13-0 

12-7 

12-3 

12-0 

11-7 

11-4 

11  1 

•6 

•8 

13-9 

13-6 

13.3 

13-0 

12-7 

12-4 

12-0 

11-7 

11-4 

11-1 

10-8 

•8 

54 

13-6 

13-3 

130 

12-7 

12-4 

12-1 

11*7 

11-4 

11-1 

10-8 

10-5 

54 

•2 

13-3 

13-0 

12-7 

12-4 

12-1 

11-8 

11-4 

11-1 

10-8 

10-5 

10-2 

•2 

•4 

13-0 

12-7 

12-4 

12-1 

11-8 

11-5 

11-1 

10-8 

10-5 

10-2 

9-9 

•4 

•6 

12-8 

12-5 

12-2 

11-8 

11-5 

11-2 

10-9 

10-6 

10-2 

9-9 

9-6 

•6 

•8 

12-5 

12-2 

11-9 

11-5 

11-2 

10-9 

10-6 

10-3 

9-9 

9-6 

9-3 

•8 

55 

12-2 

11-9 

11-6 

11-2 

10-9 

10-6 

10-3 

10-0 

9-6 

9-3 

9-0 

55 

•2 

11-9 

11-6 

11-3 

10-9 

10-6 

10-3 

10-0 

9-7 

9-3 

9-0 

8-7 

•2 

•4 

11-6 

11-3 

11-0 

10-6 

10-3 

10-0 

9-7 

9-4 

9-0 

8-7 

8-4 

•4 

•6 

11-3 

11-0 

10-7 

10-4 

10-1 

9-7 

9-4 

9-1 

8-8 

8-5 

8-1 

•6 

•8 

11-0 

10-7 

10-4 

10-1 

9-8 

9-4 

9-1 

8-8 

8-5 

8-2 

7-8 

•8 

56 

10-7 

10-4 

10-1 

9-8 

9-5 

9-1 

8-8 

8-5 

8-2 

7-9 

7-5 

56 

•2 

10-4 

10-1 

9-8 

9-5 

9-2 

8-8 

8-5 

8-2 

7-9 

7-6 

7-2 

•2 

•4 

10-1 

9-8 

9-5 

9-2 

8-9 

8-5 

8-2 

7-9 

7-6 

7-3 

6-9 

•4 

' -6 

9-9 

9-6 

9-3 

9-0 

8-6 

8-3 

7-9 

7-6 

7-3 

7-0 

6-7 

•6 

•8 

9-6 

9-3 

9-0 

8-7 

8-3 

8-0 

7-6 

7-3 

7-0 

6-7 

6-4 

•8 

57 

9-3 

9-0 

8-7 

8-4 

8-0 

7-7 

7-3 

7-0 

6-7 

6-4 

6-1 

57 

•2 

9-0 

8-7 

8-4 

8-1 

7-7 

7-4 

7-0 

6*7 

6-4 

6-1 

5-8 

•2 

•4 

8-7 

8-4 

8-1 

7-8 

7-4 

7-1 

6-7 

6-4 

6-1 

5-8 

5-5 

•4 

•6 

8-4 

8-1 

7-8 

7-5 

7-2 

6-8 

6-5 

6-1 

5-8 

5-5 

5-2 

•6 

•8 

8-1 

7-8 

7-5 

7.2 

6-9 

6-5 

6-2 

5-8 

5-5 

5-2 

4-9 

•8 

58 

7-8 

7-5 

7-2 

6-9 

6-6 

6-2 

5-9 

5-5 

5-2 

4-9 

4-6 

58 

•2 

7-5 

7-2 

6-9 

6-6 

6-3 

5-9 

5-6 

5-2 

4-9 

4-6 

4-3 

•2 

•4 

7-2 

6-9 

6-6 

6-3 

6-0 

5-6 

5-3 

4-9 

4-6 

4-3 

4-0 

•4 

•6 

6-9 

6-6 

6-3 

5-9 

5-7 

5-3 

5-0 

4-7 

4-3 

4-0 

3-7 

•6 

•8 

6-6 

6-3 

6-0 

5-6 

5-4 

5-0 

4-7 

4.4 

4-0 

3-7 

3*4 

•8 

5t 

6-3 

6-0 

5-7 

5-3 

5-1 

4-8 

4.4 

4-1 

3-7 

3-4 

3-1 

59 

•2 

6-0 

5-7 

5-4 

5-0 

4-8 

4.4 

4-1 

3-8 

3-4 

3-1 

2-8 

•2 

•4 

5-7 

5-4 

5-1 

4-7 

4-5 

41 

3-8 

3-5 

3-1 

2-8 

2-5 

•4 

■6 

5-4 

5-1 

4-8 

4-4 

4-1 

3-8 

3-5 

3-2 

2-8 

2-5 

2-1 

•6 

•8 

5-1 

4-8 

4-5 

4-1 

3-8 

3-5 

3-2 

2-9 

2-5 

2-2 

1-8 

•8 

60 

4-8 

4-5 

4-2 

3-8 

3-5 

3-2 

2-9 

2-6 

2-2 

1-9 

1-5 

60 

Indication. 

10° 

41« 

42» 

4S« 

44“ 

4d* 

4e. 

47» 

48» 

49® 

6U® 

Indication. 
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Weight  60. 


Tempekature  40°  to  50°. 


Tempemture  of  the  spirit  by  Fahrenheit’s  therrooineter. 


Indication. 

40« 

41® 

42» 

43° 

44° 

45® 

4fl® 

47° 

48® 

49° 

fiO® 

Indication. 

60 

4-8 

4-5 

4-2 

3-8 

3-5 

3-2 

2-9 

2-6 

2-2 

1-9 

1-5 

60 

•2 

4-5 

4-2 

3-9 

3-5 

3-2 

2-9 

2-6 

2-3 

1-9 

1-6 

1-2 

•2 

•4 

4-2 

3-9 

3-6 

3-2 

2-9 

2-6 

2-3 

2-0 

1-6 

1-3 

•9 

•4 

•6 

3-9 

3-6 

3-3 

2-9 

2-6 

2-3 

2-0 

1-7 

1-3 

1-0 

•6 

•6 

•8 

3-6 

3-3 

3-0 

2-6 

2-3 

2-0 

1-7 

1-4 

1-0 

•7 

•3 

•8 

61 

3-3 

3-0 

2-7 

2-3 

2-0 

1-7 

1-4 

1-1 

•7 

.4 

— 0 

61 

•2 

3-0 

2-7 

2-4 

2-0 

1-7 

1-4 

1-1 

•8 

'4 

•1 

•3 

•2 

•4 

2-7 

2-4 

2-1 

1-7 

1-4 

1-1 

•8 

•5 

•1 

•2 

■6 

•4 

•6 

2-4 

2-1 

1-8 

1-4 

1-1 

•8 

•4 

•1 

•3 

•6 

•9 

•6 

•8 

2-1 

1-8 

1-5 

1-1 

•8 

•5 

•1 

•2 

•6 

•9 

1-2 

•8 

62 

1-8 

1-5 

1-2 

•8 

•5 

•2 

•2 

•5 

•9 

1-2 

1-5 

62 

•2 

1*5 

1-2 

•9 

•5 

•2 

•1 

•5 

•8 

1-2 

1-5 

1-8 

•2 

•4 

1-2 

•9 

•6 

•2 

•1 

•4 

•8 

1-1 

1-5 

1-8 

2-1 

•4 

•6 

•8 

*5 

•2 

•2 

•5 

•8 

1-1 

1-5 

1-8 

2 2 

2-5 

•6 

•8 

•5 

•2 

•1 

•5 

•8 

1-1 

1-4 

1-8 

2-1 

2-5 

2-8 

•8 

63 

•2 

•1 

•4 

•8 

1-1 

1-4 

1-7 

2-1 

2-4 

2-8 

3-1 

63 

•2 

•1 

•4 

•7 

1-1 

1-4 

1-7 

2-0 

2-4 

2-7 

3:1 

3-4 

•2 

•4 

•4 

•7 

1-0 

1-4 

1-7 

2-1 

2-4 

2-7 

3-0 

3-4 

3-7 

•4 

•6 

•8 

1-1 

1-4 

1-8 

2-1 

2-4 

2-7 

3-1 

3-4 

3-8 

4-1 

•6 

•8 

1-1 

1-4 

1-7 

2-1 

2-4 

2-8 

3-1 

3-4 

3-7 

4-1 

4-4 

•8 

64 

1-4 

1-7 

2-0 

2-4 

2-7 

31 

3-4 

3-7 

4-0 

4-4 

4-1 

64 

•2 

1-7 

2-0 

2-3 

2-7 

3-0 

3-4 

3-7 

4-0 

4-3 

4-7 

5-6 

•2 

•4 

2-0 

2-3 

2-6 

3-0 

3-3 

3-7 

4-1 

4-4 

4-7 

5-1 

5-4 

•4 

•6 

2-4 

2-7 

3-0 

3-4 

3-7 

4-1 

4-4 

4-7 

5-0 

5-4 

5-7 

•6 

•8 

2-7 

3-0 

3-3 

3-7 

4-0 

4-4 

4-8 

5-1 

5-4 

5-8 

6-1 

•8 

65 

3-0 

3-3 

3-6 

4-0 

4-3 

4-7 

5-1 

5-4 

5-7 

6-1 

6-4 

65 

•2 

3-3 

3-6 

3-9 

4-3 

4-6 

5-0 

5-4 

5-7 

6-0 

6-4 

6-7 

•2 

•4 

3-6 

4-0 

4-3 

4-7 

5-0 

5-4 

5-7 

6-1 

6-4 

6-8 

7-1 

•4 

•6 

4-0 

4-3 

4-6 

5-0 

5-3 

5-7 

6-1 

6-4 

0-7 

7-1 

7-4 

•6 

•8 

4-3 

4-7 

5-0 

5-4 

5-7 

6-1 

6-4 

6-8 

7-1 

7-5 

7-8 

•8 

66 

4-6 

5-0 

5-3 

5-7 

6-0 

6-4 

0-7 

7-1 

7-4 

7-8 

8-1 

66 

•2 

5-0 

5-3 

5-7 

6-0 

6-3 

6-7 

7-0 

7-4 

7-7 

8-1 

8-4 

•2 

•4 

5-3 

5-7 

6-0 

6-4 

6-7 

7-1 

7-4 

7-8 

8-1 

8-5 

8-8 

•4 

•6 

5-7 

6-0 

6-4 

6-7 

7-0 

7-4 

7-7 

8-1 

8-4 

8-8 

9-1 

•6 

•8 

6-0 

6-4 

6-7 

7-1 

7-4 

7-8 

8-1 

8-5 

8-8 

9-2 

9-5 

•8 

67 

6-4 

6-7 

7-1 

7-4 

7-7 

8-1 

8-4 

8-8 

9-1 

9-5 

9-8 

67 

•2 

6-7 

7-0 

7-4 

7-7 

8-0 

8-4 

8-7 

9-1 

9-4 

9-8 

10-1 

•2 

•4 

7-4 

7-4 

7-8 

8-1 

8-4 

8-8 

9-1 

9-5 

9-8 

10-2 

10-5 

•4 

•6 

7-4 

7-7 

8-1 

8-4 

8-7 

9-1 

9-4 

9-8 

10-1 

10-5 

10-8 

•6 

•8 

7-8 

8-1 

8-5 

8-8 

9-1 

9-5 

9-8 

10-2 

10-5 

10-9 

11-2 

•8 

68 

8-1 

8-4 

8-8 

9-1 

9-4 

9-8 

10-1 

10-5 

10-8 

11-2 

11-5 

68 

•2 

8-5 

8-8 

9-1 

9-4 

9-8 

10-2 

10-5 

10-9 

11-2 

11-6 

11-9 

•2 

•4 

8-8 

9-1 

9-5 

9-8 

10-1 

10-5 

10-8 

11-2 

11-5 

11-9 

12-2 

■4 

•6 

9-2 

9-5 

9-8 

10-1 

10-5 

10-9 

11-2 

11-6 

11-9 

12-3 

12-6 

•6 

•8 

9-5 

9-8 

10-2 

10-5 

10-8 

11-2 

11-5 

11-9 

12-2 

12-6 

12-9 

•8 

69 

9-9 

10-2 

10-5 

10-8 

11-2 

11-6 

11-9 

12-3 

12-6 

13-0 

13-3 

69 

•2 

10-3 

10-6 

10-9 

11-2 

11-6 

12-0 

12-3 

12-7 

13-0 

13-4 

13-7 

•2 

•4 

10-6 

10-9 

11-2 

11-5 

11-9 

12-3 

12-6 

13-0 

13-3 

13-7 

14-0 

•4 

•6 

11-0 

11-3 

11-6 

11-9 

12-3 

12-7 

13-0 

13-4 

13-7 

14-1 

14-4 

•6 

•8 

11-3 

11-6 

11-9 

12-2 

12-6 

13-0 

13-3 

13-7 

14-0 

14-4 

14.7 

•8 

70 

11-7 

12-0 

12-3 

12-6 

13-0 

13-4 

13-7 

141 

14-4 

14-8 

15-1 

70 

Indication. 

40” 

41« 

42° 

43° 

44® 

46° 

40° 

47® 

48® 

49° 

io® 

Indication. 

Temperature  of  the  spirit  by  Fahrenheit’s  thermometer. 


A modification  of  Sykes’  hydrometer  has  been  re- 
cently adapted  for  the  testing  of  alcoholic  liquors.  It 
is  constructed  of  glass,  and  is  in  the  shape  of  an  ordi- 
nary hydrometer,  the  stem  being  divided  into  degrees 
from  1 to  100 : it  carries  a small  delicate  spirit  thermo- 
meter in  the  bulb,  to  which  a scale  is  aiBxed,  having 
references  from  0°  to  12'’,  corresponding  to  Fahren- 
heit’s scale  from  32°  to  80°.  The  temperature  of  the 
menstrua  is  indicated  by  the  small  thermometer ; and 
the  calculations  in  the  tables  accompanying  the  instru- 


ment are  made  to  accord  with  these  numbers.  There 
are  tables  supplied  with  the  hydrometer,  which  are 
headed  by  the  degrees  and  half  degrees  of  the  thermo- 
metric scale;  and  the  corresponding  content  of  spirit 
over  or  under  proof  at  the  respective  degree  of  the 
table  is  placed  opposite  each  degree  of  the  hydro- 
meter. 

When  the  instrument  is  used  to  ascertain  the  value 
of  a liquid,  the  degree  of  immersion,  and  also  that  of 
the  thermometer  are  noted ; on  referring  to  the  table 
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headed  by  the  observed  temperature,  the  per  centage 
of  spirit  over  or  under  proof  is  found  opposite  the  de- 
gree to  which  the  hydrometer  sunk  in  the  liquid. 

By  Sykes’  hydrometer,  the  specific  gravity  of  the 


spirit  indicating  proof  strength  is  '9200.  Uke  has  con- 
structed a table,  appended  below,  wherein  the  specific 
gravity  corresponds  to  the  strength  noted  by  the  hydro- 
meter, whether  over  or  under  proof  strength. 


CORRESPONDENCE  BETWEEN  THE  SPECIFIC  GRAVITIES  AND  PER  CENTS.  OF  ALCOHOL 


OVER  PROOF  AT  60°  FAHRENHEIT. 


Specific 

gravity. 

Per  cent, 
over 
proof! 

Specific 

gravity. 

Per  cent, 
over 
proof. 

Specific 

gravity. 

Per  cent 
over 
proot 

Specific 

gravity. 

Per  cent 
over 
proof. 

Specific 

gravity. 

Per  cent, 
over 
proot 

Specific 

gravity. 

Per  cent 
under 
proot 

Specific 

gravity. 

Per  cent 
1 under 
proot 

0-8156 

67-0 

0-8410 

54-2 

0-8657 

39-3 

0-8912 

21-9 

0-9178 

1-9 

0-9445 

21-9 

0-9722 

58-3 

8160 

66-8 

8413 

54-1 

8660 

39-1 

8915 

21-7 

9182 

1-6 

9448 

22-2 

9726 

59*0 

8163 

66-6 

8417 

53-9 

8664 

38-9 

8919 

21-4 

9185 

1-3 

9452 

22-7 

9730 

59-7 

8167 

66-5 

8420 

53-7 

8667 

38-7 

8922 

21-2 

9189 

1-0 

9456 

23-1 

9734 

60-4 

8170 

66-3 

8424 

53-5 

8671 

38-4 

8926 

20-9 

9192 

0-7 

9460 

23-5 

9738 

61-1 

8174 

66-1 

8427 

53-3 

8674 

38-2 

8930 

20-6 

9196 

0-3 

9464 

23-9 

9742 

61-8 

8178 

65-6 

8431 

53-1 

8678 

38-0 

8933 

20-4 

9200 

Proof. 

9468 

24-3 

9746 

62-5 

8181 

65-8 

8434 

52-9 

8681 

37-8 

8937 

20-1 

• Under 

proof. 

9472 

24-7 

9750 

63-2 

8185 

65-6 

8438 

52-7 

8685 

37-6 

8940 

19-9 

9204 

0-3 

9476 

25-1 

9754 

63-9 

8188 

65-5 

8441 

52-5 

8688 

37-3 

8944 

19-6 

9207 

0 6 

9480 

25-5 

9758 

64-6 

8192 

65-3 

8445 

52-3 

8692 

37-1 

8948 

19-3 

9210 

0-9 

9484 

25-9 

9762 

65-3 

8196 

65-1 

8448 

52-1 

8695 

36-9 

8951 

19-1 

9214 

1-3 

9488 

26-3 

9766 

66-0 

8199 

65-0 

8452 

51-9 

8699 

36-7 

8955 

18-8 

9218 

16 

9492 

26-7 

9770 

66-7 

8203 

64-8 

8455 

51-7 

8702 

36-4 

8959 

18-6 

9222 

1-9 

9496 

27-1 

9774 

67-4 

8206 

64-7 

8459 

51-5 

8706 

36-2 

8962 

18-3 

9226 

2-2 

9499 

27-5 

9778 

68-0 

8210 

64-5 

8462 

51-3 

8709 

35-9 

8966 

18-0 

9229 

2-5 

9503 

28-0 

9782 

68-7 

8214 

64-3 

8465 

51-1 

8713 

35-7 

8970 

17-7 

9233 

2-8 

9507 

28-4 

9786 

69-4 

8218 

64-1 

8469 

50-9 

8716 

35-5 

8974 

17-5 

9237 

3-1 

9511 

28-8 

9790 

70-1 

8221 

64-0 

8472 

50-7 

8720 

35-2 

8977 

17-2 

9241 

3-4 

9515 

29-2 

9794 

70-8 

8224 

63-8 

8476 

50-5 

8723 

35-0 

8981 

16-9 

9244 

3-7 

9519 

29-7 

9798 

71-4 

8227 

63-6 

8480 

50-3 

8727 

34-7 

8985 

16-6 

9248 

4-0 

9522 

30-1 

9802 

72-1 

8231 

63-4 

8482 

50-1 

8730 

34-5 

8989 

16-4 

9252 

4-4 

9526 

30-6 

9806 

72-8 

8234 

63-2 

8486 

49-9 

8734 

34-3 

8992 

16-1 

9255 

4-7 

9530 

31-0 

9810 

73-5 

8238 

63-1 

8490 

49-7 

8737 

34-1 

8996 

15-9 

9259 

5-0 

9534 

31-4 

9814 

74-1 

8242 

62.9 

8493 

49-5 

8741 

33-8 

9000 

15-6 

9263 

5-3 

9539 

31-1 

9818 

74-8 

8245 

62-7 

8496 

49-3 

8744 

33-6 

9004 

15-3 

9267 

5-7 

9542 

32-3 

9822 

75-4 

8249 

62-5 

8499 

49-1 

8748 

33-4 

9008 

15-0 

9270 

6-0 

9546 

32-8 

9826 

76-1 

8252 

62-3 

8503 

48-9 

8751 

33-2 

9011 

14-8 

9274 

6-4 

9550 

33-2 

9830 

76-7 

8256 

62-2 

8506 

48-7 

8755 

32-9 

9015 

14-5 

9278 

6-7 

9553 

33-7 

9834 

77-3 

8259 

62-0 

8510 

48-5 

8758 

32-7 

9019 

14-2 

9282 

7-0 

9557 

34-2 

9838 

78-0 

8263 

61-8 

8513 

48.3 

8762 

32-4 

9023 

13-9 

9286 

7-3 

9561 

34-7 

9842 

78-6 

8266 

61-6 

8516 

48-0 

8765 

32-2 

9026 

13-6 

9291 

7-7 

9565 

35-1 

9846 

79-2 

8270 

61-4 

8520 

47-8 

8769 

32-0 

9030 

13-4 

9295 

8-0 

9569 

35-6 

9850 

79-8 

8273 

61-3 

8523 

47-6 

8772 

31-7 

9034 

13-1 

9299 

8-3 

9573 

36-1 

9854 

80-4 

8277 

61-1 

8527 

47-4 

8776 

31-5 

9038 

12-8 

9302 

8-6 

9577 

y6*(j 

9858 

81-1 

8280 

60-9 

8530 

47-2 

8779 

31-2 

9041 

12-5 

9306 

9-0 

9580 

37-1 

9862 

81-7 

8284 

60-7 

8533 

47-0 

8783 

31-0 

9045 

12-2 

9310 

9-3 

9584 

37-6 

9866 

82-3 

8287 

60-5 

8537 

46-8 

8786 

30-8 

9049 

12-0 

9314 

9-7 

9588 

38-1 

9870 

82-9 

8291 

60-4 

8540 

46-6 

8790 

30-5 

9052 

11-7 

9318 

10-0 

9592 

38-6 

9874 

83-5 

8294 

60-2 

8543 

46-4 

8793 

30-3 

9056 

11-4 

9322 

10-3 

9596 

39-1 

9878 

84-0 

8298 

60-0 

8547 

46-2 

8797 

30-0 

9060 

11-1 

9326 

10-7 

9599 

39-6 

9882 

84-6 

8301 

59-8 

8550 

46-0 

8800 

29-8 

9064 

10-8 

9329 

11-0 

9603 

40-1 

9886 

85-2 

8305 

59-6 

8553 

45-8 

8804 

29-5 

9067 

10-6 

9332 

11-4 

9607 

40-6 

9890 

85-8 

8308 

59-5 

8556 

45-6 

8807 

29-3 

9071 

10-3 

9337 

11-7 

9611 

41-1 

9894 

86-3 

8312 

59-3 

8560 

45-4 

8811 

29-0 

9075 

10-0 

9341 

12-1 

9615 

41-7 

9898 

86-9 

8315 

59-1 

8563 

45-2 

8814 

28-8 

9079 

9-7 

9345 

12-4 

9619 

42-2 

9902 

87-4 

8319 

58-9 

8566 

45-0 

8818 

28-5 

9082 

9-4 

9349 

12-8 

9623 

42-8 

9906 

88-0 

8322 

58-7 

8570 

44-8 

8822 

28-3 

9085 

9-2 

9353 

13-1 

9627 

43-3 

9910 

88-5 

8326 

58-6 

8573 

44-6 

8825 

28-0 

9089 

8-9 

9357 

13-5 

9631 

43-9 

9914 

89-1 

8329 

58-4 

8577 

44-4 

8829 

27-8 

9093 

8-6 

9360 

13-9 

9635 

44-4 

9918 

89-6 

8333 

58-2 

8.581 

44-2 

8832 

27-5 

9097 

8-3 

9364 

14-2 

9638 

45-0 

9922 

90-2 

8336 

58-0 

8583 

43-9 

8836 

27-3 

9100 

8-0 

9368 

14-6 

9642 

45-5 

9926 

90-7 

8340 

57-8 

8587 

43-7 

8840 

27-0 

9104 

7-7 

9372 

14-9 

9646 

46-1 

9930 

91-2 

8344 

57-7 

8590 

43-5 

8843 

26-8 

9107 

7-4 

9376 

15-3 

9650 

46-7 

9934 

91-7 

8347 

57-5 

8594 

43-3 

8847 

26-5 

9111 

7-1 

9380 

15-7 

9654 

47-3 

9938 

92-3 

8351 

57-3 

8597 

43-1 

8850 

26-3 

9115 

6-8 

9384 

13-0 

9657 

47-9 

9942 

92-8 

8354 

57-1 

8601 

42-8 

8854 

26-0 

9118 

6-5 

9388 

16-4 

9661 

48-5 

9946 

93-3 

8358 

56-9 

8604 

42-6 

8858 

25-8 

9122 

6-2 

9392 

16-7 

9665 

49-1 

9950 

93-8 

8362 

56-8 

8608 

42-4 

8861 

25-5 

9126 

5-9 

9396 

17-1 

9669 

49-7 

9954 

94-3 

8365 

56-6 

8611 

42-2 

8865 

25-3 

9130 

5-6 

9399 

17-5 

9674 

50-3 

9958 

94-9 

8369 

56-4 

8615 

42-0 

8869 

25-0 

9134 

5-3 

9403 

17-8 

9677 

51-0 

9962 

95-4 

8372 

56-2 

8618 

41-7 

8872 

24-8 

9137 

5-0 

9407 

18-2 

9681 

51-6 

9966 

95-9 

8376 

56-0 

8622 

41-5 

8876 

24-5 

9141 

4-8 

9411 

18-5 

9685 

52-2 

9970 

96-4 

8379 

55-9 

8625 

41-3 

8879 

24-3 

9145 

4-5 

9415 

18-9 

9689 

52-9 

9974 

96-8 

8383 

55-7 

8629 

41-1 

8883 

24-0 

9148 

4-2 

9419 

19-3 

9693 

53-3 

9978 

97-3 

8386 

55-5 

8632 

40-9 

8886 

23-8 

9152 

3-9 

9422 

19-7 

9697 

54-2 

9982 

97-7 

8390 

55-3 

8636 

40-6 

8890 

23-5 

9156 

3-6 

9426 

20-0 

9701 

54-8 

9986 

98-2 

8393 

55-1 

8639 

40-4 

8894 

23-2 

9159 

3-3 

9430 

20-4 

9705 

55-5 

9990 

98-7 

8396 

55-0 

8643 

40-2 

8897 

23-0 

9163 

3-0 

9434 

20-8 

9709 

56-2 

9993 

99-1 

8400 

54-8 

8646 

40-0 

8901 

22-7 

9167 

2-7 

9437 

21-2 

9713 

56-9 

9997 

99-6 

8403 

54-6 

8650 

39-8 

8904 

22-5 

9170 

2-4 

9441 

21-6 

9718 

57-6 

1-0000 

100-0 

8407 

54-4 

8653 

39-6 

8908 

22-2 

9174 

2-1 
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Although  it  had  long  been  known  that  the  boiling 
point  of  water  was  raised  by  holding  in  solution  neutral 
salts  and  other  bodies,  and  although  many  experiments 
were  instituted  with  the  view  of  ascertaining  the  pro- 
portion of  salts  or  sugar  present  in  liquids,  still  the 
application  of  this  fact  to  the  determination  of  the 
quantity  of  alcohol  in  spiritous  liquors  was  reserved  for 
the  Abb:^  Brossard- Vidal,  of  Toulon,  who  ascer- 
tained that  the  boiling  point  of  such  liquors  was  in 
direct  proportion  to  the  quantity  of  alcohol  they  con- 
tained, irrespective  of  any  amount  of  saline  ingredients 
present  in  them.  When  certain  salts  are  added  to 
dilute  alcohol,  such  as  carbonate  of  potassa  or  chloride 
of  calcium,  which  are  capable  of  abstracting  a portion 
of  the  water,  the  boiling  point  of  the  solution  is  lowered, 

! instead  of  the  reverse  being  the  case.  On  these  prin- 
ciples the  Abb£  con- 
structed his  apparatus, 
whereby  the  Kevenue 
Boards  of  France  might 
furnish  themselves  with 
ready  proof  if  the  wines 
entered  were  genuine, 
as  it  was  frequentl}' 
found  that  brandy  had 
been  passed  under  the 
name  of  wine,  and  a 
fraud  thus  committed, 
the  duty  on  alcoholic 
and  strong  spiritous. 
liquors  being  much 
greater  than  on  wine. 

These  principles  also 
formed  the  basis  of  Mr. 
Field’s  alcoholometer 
for  the  determination 
of  the  quantity  of  spirit 
in  liquors,  and  for 
which  he  obtained  a 
patent  in  1847.  It  con- 
sisted originally  of  a 
spiritlamp,  surmounted 
by  a boiler  containing 
the  liquid  to  be  exa- 
mined, and  ' a large 
cylindrical  glass  bulb 
containing  mercury, 
and  ha'STng  an  upright 
stem,  whose  calibre 
was  such  as  to  allow 
the  expansion  of  the 
mercury  to  elevate  a 
small  glass  float  which 
rested  on  its  surface. 
This  float  was  con- 
nected by  a thread 
with  a similar  bead, 
which  hung  in  the 
open  air;  the  thread 
passed  over  a pulley 
which,  turning  with  the  motion  of  the  beads,  caused 
the  index  to  move  along  the  circular  graduated  scale. 
This  instrument  was  much  improved  by  Dr.  Ure,  who 


introduced,  instead  of  the  cylindrical  bulb  and  beads,  a 
thermometer  attached  to  a graduated  scale.  Fig.  83 
shows  the  improved  instrument. 

A is  the  spirit  lamp,  suirounded  by  an  outer  coating 
containing  cold  water  for  keeping  the  lamp  cool,  should 
many  experiments  be  required  to  be  made  in  succes- 
sion ; B the  boiler,  which  fits  into  the  cage,  c,  in  the 
case  of  the  lamp;  a damper,  d,  modifies  or  extin- 
guishes the  heat  of  the  lamp  when  required;  e is 
the  thermometer  with  a very  small  bore,  after  the 
manner  of  Wollaston’s  instrument  for  determin- 
ing the  height  of  mountains  by  the  boiling  point  of 
water  on  their  summit.  The  bottom  of  the  scale  on  the 
ebullition  thermometer  is  marked  P,  for  proof,  on  the 
left  side,  and  100 — proof  spirit — on  the  right  side.  It 
corresponds  with  178'6  Fahr.,  nearly,  or  the  boihng 
point  of  alcohol,  spec.  grav.  '920. 

From  the  mean  of  a great  number  of  experiments, 
Ure  drew  up  the  following  table,  which  shows  the 
boiling  point  of  alcohol  of  various  specific  giavities : — 


Temperature  Fahr. 

Specific  gravity. 

178-5  

0-9200  .... 

. . — Proof. 

179-75  

0-9321  

. . 10  Under  proof. 

180-4  

0-9420  . . . . 

..20  “ 

182-01  

0-9516  .... 

..30  “ 

183-40  

0-960  . . . . 

..40  “ 

185-6  

0-9665  . . . . 

. . 50  “ 

189-0  

0-9729  .... 

. . 60  “ 

191-8  

0-9786  , . . . 

..70  “ 

196-4  

. . 80 

202-0  

0-992  .... 

. . 90  “ 

When  spirit  is  over  proof,  the  variation  of  the  boil- 
ing point  is  so  small  that  a strictly  accurate  result 
cannot  conveniently  be  obtained,  and,  in  fact,  proof 
spirit,  or  spirit  approaching  to  that  strength,  is  more 
accurately  tested  by  diluting  it  with  its  own  bulk  of 
water,  before  ascertaining  the  strength,  and  then  doub- 
ling the  result.  Another  source  of  error  pointed  out  by 
Ure,  is  the  elevation  of  the  boiling  point,  when  the  hquor 
is  kept  heated  for  any  length  of  time ; it  is,  however, 
nearly  obviated  by  the  addition  of  common  salt  to  the 
solution  in  the  boiler  of  the  apparatus,  in  the  propor- 
tion of  thirty-five  or  forty  grains.  This  substance  has 
the  curious  property  of  arresting  the  mercury  in  the 
thermometer  at  the  boiling  point  of  the  wine,  spirit,  or 
beer,  submitted  to  examination,  and  thus  offers  a means 
by  which  a proper  reading  can  be  made.  In  order  to 
correct  the  difference  arising  from  a higher  or  lower 
pressure  of  the  atmosphere,  distilled  water  should  be 
boiled  in  the  apparatus,  and  the  temperature  noted;  for 
the  boiling  point  of  the  alcoholic  solutions  will  vary  as 
that  of  the  water,  when  the  pressure  of  the  atmosphere 
is  greater  or  less.  In  order  to  correct  this  source  of 
error,  a subsidiary  barometrical  scale,  ii,  is  atlached  to 
the  thermometer,  e.  The  method  of  using  the  aleo 
bolometer  is  as  follows ; — 

The  lamp.  A,  is  lighted;  b is  fiUed  to  about  one  inch 
from  the  top  with  the  hquid  to  be  examined,  to  which  a 
paper  of  common  salt  is  added,  and  the  whole  is  then 
placed  on  the  lamp,  A ; and  lastly,  the  thermometer,  E, 
is  fixed  to  the  scale,  with  its  bulb  immersed  in  the 
liquid.  Before  commencing  general  operations  for  the 
day,  the  boiler,  b,  is  filled  with  water,  and  boiled;  if  the 
column  of  mercury  remains  at  29’5,  which  is  placed 
opposite  to  100  on  the  scale  at  the  left  hand — the  mean 


Fig.  83. 
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boiling  point  of  water — no  correction  is  required  to 
be  made;  but  if  it  stands  higher  or  lower  than  this 
figure,  the  various  boiling  points  of  the  samples  bear 
reference  to  this.  In  testing  the  solutions,  when  the 
mercury  begins  to  rise  out  of  the  bulb  of  the  thermo- 
meter, the  damper  is  to  be  pushed  in  midway  into  the 
groove  to  lower  the  heat.  As  the  liquid  boils  freely, 
the  mercury  in  the  tube  will  become  stationary,  and 
the  figure  on  the  left  indicates  the  per  centage  imder 
proof,  while  that  on  the  right  shows  the  per  centage 
over  proof.  Field’s  alcoholometer  only  tells  the  quan- 
tity of  alcohol,  but  an  auxihary  experiment  with  the 
hydrometer  will  readily  give  the  specific  gravity,  and 
upon  reference  to  Table  I.,  the  amount  of  saccharine 
and  extractive  matter  is  ascertained.  In  testing  wines, 
the  specific  gravity  of  the  liquid  is  first  taken,  then 
the  boUing  point  ascertained  by  the  alcoholometer,  and 
the  corresponding  specific  gravity  deducted  from  that 
previously  found  by  the  hydrometer;  the  difference 
will,  upon  referring  to  Table  II.,  show  the  quantity  of 
extractive  and  saccharine  matter  in  a hundred  gallons 
of  the  liquid.  For  example,  if  the  specific  gravity  by 
the  hydrometer  be  '989,  and  that  by  the  alcoholometer 
shows  the  presence  of  alcohol  of  sixty-nine  and  six- 
tenths,  whose  specific  gravity  is  '979  by  the  tables, 
deduct  the  latter  gravity  from  the  gravity  of  the  bulk, 
or  '989,  and  a difference  of  ten  remains,  which  number, 
upon  reference  to  Table  II.,  wiU  give  twenty-five  pounds 
of  saccharine  and  extractive  matter  in  a hundred  gal- 
lons, combined  with  thirty  gallons  and  four-tenths  of 
proof  spirit.  Should  the  barometer  of  the  day  mark 
any  other  indication  above  or  below  the  standard  29 ‘5, 
the  thermometer  scale  will  then  only  show  the  apparent 
strength,  and  reference  must  be  had  to  the  small  ivory 
indicator,  it  being  the  counterpart  of  the  barometrical 
scale  of  the  thermometer ; thus,  if  the  barometer  indi- 
cate 30,  place  30  of  the  indicator  against  the  boiling 
point  of  the  liquid,  and  opposite  the  line  of  29 ’5  will  be 
found  the  true  strength. 

Example  1. — Barometer  at  30. — Suppose  the  mer- 
cury to  stop  at  the  same  point,  72  u.p.  ; place  30  of 
the  indicator  against  72  on  the  thermometer,  and  the 
line  28’5  will  cut  69'6  u.p.,  the  true  per  centage. 

Example  2. — -Barometer  at  29. — Suppose  the  mer- 
cury to  stop  at  the  same  point,  72  u.p.  ; place  29  of  the 
indicator  against  72  on  the  thermometer,  and  the  line 
29'5  will  cut  74’3  u.p.,  the  true  strength. 

To  ascertain  the  strength  of  malt  liquors  and  their 
respective  values,  the  instrument  has  been  furnished 
with  a glass  saccharometer,  testing  glass,  and  shde  rule. 
Commence  by  charging  the  test  glass  with  the  hquid, 
then  insert  the  saccharometer  to  ascertain  the  present 
gravity  or  density  per  barrel,  and  at  whatever  number 
it  floats,  that  wfll  indicate  the  number  of  pounds  per 
barrel  the  liquor  is  heavier  than  water : — 

Example  1. — Suppose  the  saccharometer  to  float  at 
the  figure  8,  which  would  indicate  eight  pounds  per 
barrel ; then  submit  the  liquid  to  the  boihng  test,  with  an 
addition  of  salt  to  arrest  the  mercury  at  the  proper  boil- 
ing point  of  the  liquid,  as  before  mentioned ; now,  sup- 
pose it  should  show — the  barometrical  difference  being 
accounted  for — 90  u.p.,  that  would  be  equivalent  to  ten 
per  cent,  of  proof  alcohol.  Refer  to  the  slide  scale,  and 
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place  A on  the  shde  against  10  on  the  upper  fine  of 
figures,  and  facing  b on  the  lower  line  will  be  18,  show- 
ing that  eighteen  pounds  per  barrel  have  been  decom- 
posed to  constitute  that  per  centage  of  spirit ; then,  by 
adding  eighteen  pounds  to  the  present  eight  pounds 
per  barrel,  the  result  wfll  be  twenty-six  pounds,  the 
original  weight  of  the  wort  after  leaving  the  copper. 

Example  2. — The  saccharometer  marks  ten  pounds 
per  barrel,  and  at  the  boiling  point  it  indicates  88  u.p., 
equivalent  to  12  gallons  of  proof  spirit  per  cent. ; place 
A against  12,  and  opposite  b wfll  be  21J,  the  number  of 
pounds  per  barrel,  which,  when  added  to  the  ten  poimds 
present,  will  give  a total  of  thirty-one  and  a half  pounds. 

To  ascertain  the  relative  vaZMe.— Suppose  the  price 
of  the  twenty-six  pounds  beer  to  be  thirty-six  shillings 
per  barrel,  and  the  thirty-one  pounds  beer  to  be  forty 
shillings — to  ascertain  which  beer  will  be  the  cheaper, 
place  26  on  the  opposite  side  of  the  rule  against  36,  and 
opposite  3 1|  pounds  wfll  be  forty-three  shillings  and  seven 
pence,  showing  that  the  latter  beer  is  cheaper  by  three 
shillings  and  seven  pence  per  barrel.  By  this  instrument 
the  quantity  of  spirit  per  cent,  in  distiller’s  wort,  whether 
it  be  in  progress  of  fermentation  or  ready  for  the  still, 
is  indicated,  the  only  difference  being  in  the  allowances 
in  the  sliding  rule.  Saccharometers  applicable  to  the 
foregoing  rules  for  beer,  ale,  et  cetera,  have  been  ad- 
justed at  the  temperature  of  60°  Fahr.,  and  wfll  he 
found  correct  for  general  purposes ; but  where  extreme 
minuteness  is  required,  the  variation  of  temperature 
must  be  taken  into  account,  and  for  every  ten  degrees 
of  temperature  above  60°,  three-tenths  of  a pound  must 
be  added  to  the  gross -amount  found  by  the  slide  rule ; 
on  the  contrary,  for  every  ten  degrees  below  60°,  three- 
tenths  of  a pormd  must  be  deducted. 

For  Cordialized  Spirits. — The  operation  in  tliis 
instance  is  different  from  that  applied  to  the  testing  of 
beers,  which  have  the  alcohol  generated  in  the  worts; 
for  in  cordialized  spirits  of  every  kind,  the  alcohol 
is  the  original,  and  the  saccharine  matter,  or  sugar,  is 
an  addendmn.  If  a himdred  gallons  of  spirit  are  re- 
quired of  a given  strength — say  fifty  per  cent,  under 
proof — fifty  gallons  of  proof  spirit  to  which  fifty  gallons 
of  water  are  added,  wfll  be  of  this  strength,  and  upon 
testing  it  by  the  alcoholometer,  it  wiU  be  found  as  cor- 
rect as  by  the  hydrometer.  But  in  cordiahzing  spirit, 
the  reverse  is  the  case ; for  to  the  fifty  gallons  of  spirit, 
proof  strength,  fifty  gallons  of  sugar  and  water  would 
be  added,  thereby  rendering  the  hydrometer  useless, 
excepting  for  taking  the  specific  gravity  of  the  bulk,  and, 
according  to  the  quantity  of  sugar  present,  so  a relative 
quantity  of  water  must  have  been  displaced ; and  as 
the  sugar  has  no  reduciug  properties,  the  alcoholometer 
wfll  only  show  the  strength  of  the  cordial  in  relation  to 
the  quantity  of  water  contained  in  it,  as  the  principle 
indicates,  irrespective  of  the  saccharine  or  extractive 
matter.  Suppose,  in  making  one  hundred  gallons  of 
cordial  at  50  u.p.,  three  poimds  of  sugar  are  put  to  the 
gallon,  or  three  hundred  pounds  to  the  hundred  gallons, 
these  three  hundred  pounds  displacing  18‘67  gallons  of 
water,  only  31‘33  gallons  of  the  water,  instead  of 
fifty,  have  been  applied;  the  sugar,  without  reduciug 
properties,  making  up  the  bulk  of  one  hundred  gallons, 
which  is  meant  to  represent  fifty  per  cent.  u.p. 
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The  alcoholometer  will  only  show  at  the  full  point  of 
ebullition  the  alcoholic  strength  in  relation  to  the  water 
in  one  hundred  gallons  of  the  mixture,  or  thirty-five 
per  cent,  u.p.,  leaving  fifteen  per  cent,  to  be  accounted 
for  in  the  bulk.  As  the  quantity  of  sugar  present  must 
be  determined  before  that  per  centage  can  be  arrived 
at,  a double  object  will  be  effected  by  so  doing,  namely, 
eliciting  in  all  instances  the  quantity  of  sugar  present, 
as  well  as  the  per  centage  of  spirit  to  be  accounted  for; 
as  an  example,  suppose  the  specific  gravity  of  a cordial 
is  1'076,  then  submit  the  liqxiid  to  the  boiling  point, 
and  having  ascertained  the  per  centage  of  alcohol — 


thirty-five  u.p. — the  specific  gravity  of  alcohol  at  that 
strength  will  be  found  to  be  0-956 ; deduct  0-956  from 
the  specific  gravity  of  the  bulk,  or  1-076,  and  *120  will 
remain ; refer  that  to  its  amount  in  the  head  line  of 
Table  II.,  namely,  120,  imder  whieh  will  be  found  3, 
representing  three  pounds  of  sugar  to  the  gallon ; and 
by  running  the  eye  down  its  column  to  opposite  the 
alcoholic  strength  indicated — thirty-five  u.p. — will  be 
found  14-9,  representing  the  water  displaced  by  the 
sugar,  and  which  amount  added  to  35  per  cent,  ascer- 
tained, makes  the  total  upon  the  bulk  49-9  per  cent. 
U.P.,  ^vith  three  pounds  of  sugar  to  the  gallon. 


Table  I. 

Table  of  specific  gravities  by  Sykes’  hydrometer,  adapted  to  Field’s  patent  alcoholometer  for  cordialized  spirits. 


Temperature^  60®. — Specific  gravity  of  water,  1*000®. 


( 

JO 

70 

60 

90 

100 

no 

120 

130 

uo 

150 

160 

170 

180 

Wt 

S.  G. 

Wt. 

S.  G. 

Wt 

8.  G. 

Wt 

S.  G. 

wt. 

S.  G. 

Wt 

8.  G. 

Wt 

8.  G. 

wt. 

8.G. 

wt 

S.  G. 

Wt 

8.  G. 

wt 

6.  G. 

Wt 

8.  G. 

Wt 

S.  G. 

60 

922 

70 

942 

80 

961 

90 

981 

100 

1000 

110 

1020 

120 

1041 

130 

1063 

140 

1085 

150 

1107 

160 

1129 

170 

1152 

180 

1175 

1 

924 

1 

943 

1 

963 

1 

983 

1 

1002 

1 

1022 

1 

1044 

1 

1065 

1 

1087 

1 

1109 

1 

1131 

1 

1155 

1 

1178 

2 

926 

2 

945 

2 

965 

2 

985 

2 

1004 

2 

1024 

2 

1046 

2 

1067 

2 

1089 

2 

1111 

2 

1134 

2 

1157 

2 

1180 

3 

928 

3 

947 

3 

967 

3 

987 

3 

1006 

3 

1026 

3 

1048 

3 

1069 

3 

1091 

3 

1113 

3 

1136 

3 

1159 

3 

1182 

4 

930 

4 

949 

4 

969 

4 

989 

4 

1008 

4 

1029 

4 

1050 

4 

1071 

4 

1093 

4 

1116 

4 

1139 

4 

1162 

4 

1185 

5 

932 

5 

951 

5 

971 

5 

991 

5 

1010 

5 

1031 

5 

1052 

5 

1074 

5 

1096 

5 

1118 

5 

1141 

5 

1164 

5 

1187 

6 

934 

6 

953 

6 

973 

6 

993 

6 

1012 

6 

1033 

6 

1054 

6 

1076 

6 

1098 

6 

1120 

6 

1143 

6 

1166 

6 1189 

7 

936 

7 

955 

7 

975 

7 

995 

7 

1014 

7 

1035 

7 

1056 

7 

1078 

7 

1100 

7 

1123 

7 

1145 

7 

1168 

7 1191 

8 

938 

8 

957 

8 

977 

8 

997 

8 

1016 

8 

1037 

8 

1058 

8 

1080 

8 

1102 

8 

1125 

8 

1148 

8 

1171 

8 1194 

9 

940 

9 

959 

9 

979 

9 

999 

9 

1018 

9 

1039 

9 

1061 

9 

1082 

9 

1104 

9 

1127 

9 

1150 

9 

1173 

9 1196 

70 

942 

80 

961 

90 

981 

100 

1000 

110 

1020 

120 

1041 

130 

1063 

140 

1085 

150 

1107 

160 

1129 

170 

1152 

180 

1175 

190  1199 

1 

Table  II. 


Table  showing  the  lbs.  of  sugar  per  gallon  in  cordialized  spirits,  with  the  per  centages  to  be  added  to  the  indicated  strength, 

per  the  alcoholometer. 


DUTcrence  of  gravity. 
Lbs.  of  sugar  per  gallon. 

10 
4 oz. 
or  25 
to  100. 

15 
fj  oz. 
87 

to  luO. 

20 
8 oz. 
50 

to  UH). 

25 

10  oz. 
62^ 
to  100. 

30 

12  oz. 
75 

to  100. 

35 

14  oz. 
87^ 
tolUO. 

40 

1-0 

45 

50 

oz. 

1*4 

Diflerence  of  gravity. 
Lbs.  of  sugar  per  gallon. 

Sp.  grav.  of  spirit 

920 

Per  cent  of  spirit 

Proof. 

1-6 

2-5 

3-4 

4-4 

5-3 

6-2 

7-1 

8-1 

9-0 

Per  cent  of  spirit 

Proof. 

Sp.  grav.  of  spiiit 

920 

923 

2-5 

1-6 

2-5 

3-3 

4-3 

5-2 

6-1 

6-9 

7-8 

8-8 

2-5 

923 

926 

5- 

1-5 

2-4 

3-2 

4-2 

5-0 

5-9 

6-8 

7-7 

8-6 

5- 

926 

929 

7-5 

1-5 

2-3 

3-2 

4-1 

4-9 

5-8 

6-6 

7-5 

8-4 

7-5 

929 

932 

10- 

1-4 

2-2 

3-1 

4-0 

4-8 

5-7 

6-5 

7-4 

8-2 

10- 

932 

935 

12-5 

1-4 

2-2 

3-1 

3-9 

4-7 

5-5 

6-3 

7-2 

8-0 

12-5 

935 

938 

15- 

1-4 

2-1 

3-0 

3-8 

4-6 

5-4 

6-2 

7-0 

7-8 

15- 

938 

940 

17-5 

1-3 

2-1 

2-9 

3-7 

4-5 

5-3 

6-0 

6-8 

7-6 

17-5 

940 

943 

20- 

1-3 

2-0 

2-8 

3-6 

4-4 

5-2 

5-9 

6-7 

7-5 

20- 

943 

945 

22-5 

1-3 

2-0 

2-7 

3-5 

4-3 

5-0 

5-7 

6-5 

7-3 

22-5 

945 

948 

25- 

1-2 

1-9 

2-6 

3-4 

4-1 

4-8 

5-5 

6-3 

7-0 

25- 

948 

950 

27-5 

1-2 

1-9 

2-5 

3-3 

4-0 

4-7 

5-3 

6-1 

6-8 

27-5 

950 

952 

30- 

1-1 

1-8 

2-4 

3-1 

3-8 

4-5 

5-1 

5-8 

6-0 

30- 

952 

954 

32-5 

1-1 

1-7 

2-3 

3-0 

3-6 

4-3 

4-8 

5-5 

6-2 

32-5 

954 

956 

35- 

1-0 

1-6 

2-2 

2-9 

3-5 

4-1 

4-6 

5-3 

6-0 

35- 

956 

958 

37-5 

1-0 

1-6 

2-1 

2-8 

3-4 

3-9 

4-4 

5-1 

5-8 

37-5 

958 

960 

40- 

•9 

1-5 

2-0 

2-7 

3-2 

3-8 

4-3 

4-9 

5-5 

40- 

960 

962 

42-5 

-9 

1-5 

2-0 

2-6 

3-1 

3-6 

4-1 

4-7 

5-3 

42-5 

962 

964 

45- 

-9 

1-4 

1-9 

2-5 

3-0 

3-5 

4-0 

4-6 

5-1 

45- 

964 

965 

47-5 

•8 

1-4 

1-9 

2-4 

2-9 

3-4 

3-9 

4-4 

4-9 

47-5 

965 

967 

50- 

•8 

1-3 

1-8 

2-3 

2-8 

3-3 

3-8 

4-3 

4-8 

50- 

967 

969 

52-5 

•7 

1-2 

1-7 

2-2 

2-6 

3-1 

3-6 

4-1 

4-5 

52-5 

969 

970 

55- 

•7 

1-2 

1-6 

2-0 

2-4 

2-9 

3-4 

3-8 

4-2 

55- 

970 

972 

57-5 

•6 

1-1 

1-5 

1-9 

2-2 

2-7 

3-1 

3-5 

3-9 

57-5 

972 

973 

60- 

•6 

1-0 

1-4 

1-8 

2-1 

2-5 

2-9 

3-3 

3-6 

60- 

973 

974 

62-5 

•6 

1-0 

1-3 

1-7 

2-0 

2-4 

2-7 

3-1 

3-5 

62-5 

974 

976 

65- 

•5 

•9 

1-2 

1-5 

1-8 

2-2 

2-5 

2-8 

3-1 

65- 

976 

977 

67-5 

•5 

•8 

1-1 

1-4 

1-7 

2-0 

2-3 

2-6 

2-9 

67-5 

977 

979 

70- 

•4 

•7 

1-0 

1-3 

1-5 

1-8 

2-1 

2-4 

2-6 

70- 

979 

980 

72-5 

•4 

•7 

•9 

1-1 

1-3 

1-6 

1-9 

2-1 

2-3 

72-5 

980 

982 

75- 

■3 

•6 

•8 

10 

1-2 

1-4 

1-6 

1-8 

2-0 

75- 

982 

983 

77-5 

•3 

•5 

•7 

•9 

1-0 

1-2 

1-4 

1-6 

1-8 

77-5 

983 

984 

80- 

•2 

•4 

•6 

•8 

•9 

1-0 

1-2 

1-4 

1-6 

80- 

984 

986 

82-5 

•2 

•3 

•5 

•7 

•8 

•9 

1-0 

1-2 

1-4 

82-5 

986 

988 

85-  , 

•2 

•2 

•4 

•6 

•7 

-8 

•9 

1-0 

1-2 

85- 

988 

990 

87-5 

•1 

•2 

•3 

•5 

•6 

-7 

•8 

•9 

1-0 

87-5 

990 

992 

90- 

•1 

•1 

•2 

•4 

•5 

•6 

•7 

•8 

•9 

90- 

992 

994 

92-5 

•1 

•2 

•3 

•4 

-5 

•6 

-7 

•8 

92-5 

994 

996 

95- 

1 

•1 

•2 

•3 

-4 

•5 

•6 

•7 

95- 

996 

998 

97-5 

- 1 

•1 

•2 

•3 

•4 

•5 

•6 

97-5 

998 

1 
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Table  I.,  -which  shows  the  specific  gravity  on  the  bulk 
of  the  mixture,  bears  reference  to  the  table  folio-wing  it 
— Table  II.  of  the  alcoholometer. 

In  estimating  the  density  of  various  gins  and  cordials, 
suppose  the  specific  gravity  of  the  hquid  is  found  to  be 
•957,  and  by  the  boiling  point  it  proves  to  be  14  u.P., 
whose  specific  gravity  is  '937 ; when  this  is  deducted 
from  the  former — '957 — the  remainder  is  20,  under 
which,  in  Table  II.  will  be  foimd  J,  or  one-half  pound 
of  sugar  to  the  gallon ; and,  on  observing  the  opposite 
14  U.P.,  3'0  will  be  foimd,  which,  added  to  14,  makes 
the  total  on  the  bulk  17  per  cent.  u.P.,  with  fifty  pounds 
of  sugar  to  the  himdred  gallons. 

Care  must  be  taken  that  the  mercury  is  entirely  in 
the  bulb  of  the  thermometer  before  it  is  fixed  to  the 
stem  for  operation ; and  the  salt  must  be  added  in  all 
cases  when  determining  the  boiling  point,  except  for 
water. 

The  instrument  is  highly  advantageous  by  proving 
the  relative  quantity  of  fruit  or  saccharum,  and  alcohol, 
requisite  to  constitute  the  normal  wine  of  each  species. 

Some  beers  possess  the  remarkable  power  of  causing 
drowsiness  and  stupor,  -without  a corresponding  pre-nous 
exhilaration,  and  on  this  account  may  be  justly  sus- 
pected of  having  been  sophisticated  with  cocculus  indicus, 
opium,  or  some  analogous  drug;  and  this  suspicion  may 
become  certainty  if  they  be  sho-wn  by  the  alcoholometer 
to  contain  only  a few  per  cent,  of  fermented  spirit. — 
Ure. 

Fo-wnes’s  paper  on  the  value,  in  absolute  alcohol,  of 
spirits  of  different  specific  gravities,  is  ingenious  and 
valuable ; the  leading  features  of  it  are  therefore  quoted. 

The  table  was  formed  synthetically ; absolute  alcohol 
and  distilled  water  were  weighed  out  in  the  required 
proportions,  mixed  in  small  closely-stopped  bottles,  and 
well  shaken  together.  After  standing  three  or  four 
days,  the  mixtures  were  brought  to  the  temperature  of 
G0“  Fahr.  exactly,  and  their  specific  gravities  deter- 
mined -with  great  care.  "Wlien  two  or  three  days  more 
had  elapsed,  this  last-named  operation  was  repeated, 
but  in  no  case  was  it  observed  that  any  further  con- 
traction had  occurred.  Neither  was  the  specific  gra-vity 
of  a mixture,  containing  nearly  equal  parts  alcohol  and 
water,  which  had  been  so  examined,  changed  by  being 
enclosed  in  a strong  accurately-stoppered  bottle,  and 
heated  for  some  time  to  a temperature  above  its  boiling 
point. 

In  this  manner,  every  alternate  number  in  the  table 
— every  even  number — was  obtained  by  direct  experi- 
ment ; the  others  were  then  incorporated.  When  com- 
jileted,  the  table  was  examined  by  various  methods 
calculated  to  test  its  accuracy,  but  no  error  of  sufficient 
magnitude  to  limit  its  usefulness  was  detected. 

The  absolute  alcohol  employed  in  these  experiments, 
was  prepared  in  the  following  manner: — The  strongest 
rectified  spirit  was  agitated  -with  half  its  weight  of  car- 
bonate of  potassa,  deprived  of  water  of  crystalhzation, 
and  left  in  contact  -with  it  for  some  days.  It  was  then 
decanted  upon  half  its  weight  of  powdered  quicklime, 
made  from  black  marble,  contained  in  a metal  still, 
which  could  be  perfectly  closed.  The  mixture  of  spirit 
and  lime  was  retained  in  a warm  situation  for  a week 
or  thereabouts,  and  tlien  distilled  by  means  of  a water- 


bath.  By  this  treatment  the  specific  gra-vity  of  the  alco- 
hol was  reduced  to  0-796,  or  even  below,  and  by  a repeti- 
tion of  the  process  of  digestion  with  powdered  lime,  and 
redistiUation,  the  last  traces  of  water  were  removed.  In 
this  manner,  -without  difficulty,  the  very  considerable 
quantity  of  absolute  alcohol  required  for  the  experiments 
was  procured.  Absolute  alcohol  thus  obtained,  has 
the  specific  gravity  ’7938  at  60°  Fahr.;  it  is  extremely 
expansible  by  heat,  which  renders  the  determination  of 
its  exact  specific  gravity  difficult  and  troublesome  when 
the  temperature  of  the  room  is  either  above  or  below 
60°.  The  same  remark  applies  to  the  mixtures  of 
alcohol  and  water  extending  over  more  than  half  the 
table,  the  most  minute  precautions  regarding  tempera- 
ture being  necessary  to  avoid  serious  errors.  In  a glass 
retort  containing  pieces  of  copper  foU,  absolute  alcohol 
boils  at  177°  Fahr.,  the  barometer  standing  at  29'75 
inches.  Lastly,  when  analyzed  by  combustion  with 
oxide  of  copper,  it  yields  numbers  representing  the  pro- 
portion of  carbon  and  hydrogen  present,  so  closely 
agreeing  -with  those  required  by  theory  as  to  leave  no 
doubt  of  its  purity  and  freedom  from  all  admixture. 

TABLE  OF  THE  PROPORTION  BY  WEIGHT 


Of  real  or  absolute  alcohol  contained  in  100  parts  of  spirits  of 
different  specific  gravities,  at  the  temperature  of  60°  Fahr. 


Specific 

gravity. 

Per  centage 
ot  alcoboL 

Specific 

gravity. 

Per  centage 
of  alcohol. 

Specific 

gravity. 

Per  centage 
of  nlcuhoi. 

•9991 

0-5 

•9511 

34 

•8769 

68 

•9981 

1 

•9490 

35 

•8745 

69 

•9965 

2 

•9470 

36 

•8721 

70 

•9947 

3 

•9452 

37 

•8696 

71 

•9930 

4 

•9434 

38 

•8672 

72 

•9914 

5 

•9416 

39 

•8649 

73 

•9898 

6 

•9396 

40 

•8625 

74 

•9884 

7 

•9376 

41 

•8603 

75 

•9869 

8 

•9356 

42 

•8581 

76 

•9855 

9 

•9335 

43 

•8557 

77 

•9841 

10 

•9314 

4^4 

•8533 

78 

•9828 

11 

•9292 

45 

•8508 

79 

•9815 

12 

•9270 

46 

•8483 

80 

•9802 

13 

•9249 

47 

•8459 

81 

•9789 

14 

•9228 

48 

•8434 

82 

•9778 

15 

•9206 

49 

•8408 

83 

•9766 

16 

•9184 

50 

•8382 

84 

•9753 

17 

•9160 

51 

•8357 

85 

•9741 

18 

•9135 

52 

•8331 

86 

•9728 

19 

•9113 

53 

•8305 

87 

•9716 

20 

•9090 

54 

•8279 

88 

•9704 

21 

•9069 

55 

•8254 

89 

•9691 

22 

•9047 

56 

•8228 

90 

•9678 

23 

•9025 

57 

•8199 

91 

•9665 

24 

•9001 

58 

•8172 

92 

•9652 

25 

•8979 

59 

•8145 

93 

•9638 

26 

•8956 

60 

•8118 

94 

•9623 

27 

•8932 

61 

•8089 

95 

•9609 

28 

•8908 

62 

•8061 

96 

•9593 

29 

•8886 

63 

•8031 

97 

•9578 

30 

•8863 

64 

•8001 

98 

•9560 

31 

•8840 

65 

•7969 

99 

•9544 

32 

•8816 

66 

•7938 

100 

•9528 

33 

•8793 

67 

The  contraction  of  volume  suffered  by  various  mix- 
tures of  alcohol  and  water,  may  be  rendered  obvious  by 
comparing  the  actual  specific  gra-vities  of  such  mixtures, 
-with  their  calculated  mean  densities.  In  the  accom- 
panying engra-ving,  in  which  the  vertical  lines  represent 
the  per  centage  of  alcohol  by  weight,  and  the  hori- 
zontal lines  the  specific  gravities,  the  calculated  mean 
specific  gra-vities  of  the  mixtures  are  seen  to  form  a 
straight  diagonal  line  from  comer  to  comer,  while  the 
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actual  densities  form  an  irregular  curve  with  upward 
convexity,  rising  quickly  to  near  its  maximum  devia- 
tion at  30  per  cent.,  running  almost  parallel  with  the 


other  line  to  50  per  cent.,  and  thence  declining  until  it 
reaches  the  extremity  of  the  scale. 

Silbermann’s  observations  on  a new  instrument 


Fig.  84. 

COMPARISON  OF  MEAN  AND  ACTUAL  SPECIFIC  GRAVITIES  OF  VARIOUS  MIXTURES  OF  ALCOHOL  AND  WATER. 


for  ascertaining,  by  the  amount  of  dilatation,  the  re- 
lative quantities  of  two  liquids  when  mixed,  and  par- 
ticularly mixtures  of  alcohol  and  water,  are  well  worth 
transcribing.  He  states  that  various  means  have  been 
suggested  and  employed  for  ascertaining  the  respective 
quantities  of  alcohol  and  water  in  mixtures  of  those 
liquids;  but  these  are  aU  found  to  possess  many  dis- 
advantages. The  distillation  process  is  rarely  em- 
ployed on  account  of  the  great  skill  required  in  its 
application,  and  the  length  of  time  the  operation  de- 
mands before  the  results  are  arrived  at.  This  method, 
at  best,  is  only  applied  where  accurate  and  scientific 
truth  is  required,  irrespective  of  delay  and  toil.  The 
density  test  is  open  to  error  on  account  of  sirupy  and 
other  extractive  matters  being  present,  which  would 
render  the  specific  gravity  of  the  impregnated  hquid 
higher  than  that  of  alcohol,  and  thus  prevent  the  true 
amount  of  spirit  from  being  determined  with  strict 
accuracy ; hence  the  Excise  duty  is,  in  consequence, 
evaded.  Wines,  tested  by  the  density  process,  only 
indicate  about  one-half  their  strength;  and  for  this 
reason  Gay-Lussac  combines,  with  the  use  of  his 
alcoholometric  areometer,  the  distillation  test. 

The  boiling  test  of  Field’s  hydrometer  is  likewise 
open  to  objections ; for  it  is  a known  fact  that  steam,  or 
vapor,  may  be  heated  beyond  its  point  of  generation, 
and  that  the  thermometer,  even  when  immersed  in  the 


liquid,  may,  under  certain  circumstances,  stand  several 
degrees  above  the  real  temperature,  which  would  give 
rise  to  a difference  in  result  of  four  alcoholometric 
degrees  for  every  such  extra  indication.  Besides, 
it  is  necessary  to  take  the  barometric  variations  into 
account  in  some  better  way  than  has  hitherto  been 
done.  Silbermann’s  arrangement  is  said  to  obviate 
the  evils  attendant  on  those  methods  hitherto  em- 
ployed, and  is  based  upon  the  dilatation  of  the  alco- 
holic liquid.  It  is  well  known  that  between  zero  and 
100°  C. — 212°  Fahr. — of  temperature,  the  dilatation  of 
alcohol  is  triple  that  of  water.  This  is  much  greater 
between  25°  and  50°  C. — 45°  and  90°  Fahr. — and  may 
thus  be  demonstrated: — Pour  water  at  45°  Fahr.  into 
a thermometer  tube,  so  as  to  fill  the  reservoir,  and  a 
small  portion  of  the  tube  up  to  a certain  mark ; then, 
on  heating  the  thermometer  to  90°  Fahr.  the  water 
will  rise  a certain  distance  above  the  mark,  and  let  this 
point  be  scratched  on  the  tube ; now,  if  the  same  quan- 
tity of  pure  alcohol,  also  at  45°  Fahr.,  he  substituted 
for  the  water,  and  heated  to  the  temperature  of  90°, 
it  will  be  foimd  to  have  risen  three  and  a half  times 
higher  than  the  water.  Any  mixture  of  alcohol  and 
water,  on  being  treated  in  the  same  way,  will  be  found 
to  have  a mean  point  of  dilatation  between  these  two, 
and  will  be  nearer  the  one  or  the  other,  according  as 
eitlier  hquid  preponderates  in  the  mixt'ire.  If,  there- 
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fore,  a series  of  mixtures  of  alcohol  and  water  be  made, 
beginning  with — 

Water  100  parts, Alcohol  0 parts; 

do.  99  “ do.  1 “ 

do.  98  “ do.  2 “ 

and  so  on  up  to  pure  alcohol;  and  their  several  points 
of  elevation  at  the  respeetive  temperatures,  45°  and 
90°  Fahr.,  be  carefully  marked  on  the  tube,  a com- 
plete centesimal  alcoholometric  scale  will  be  produced, 
which  will  indicate  the  quantity  of  alcohol  contained 
in  any  mixture  of  alcohol  and  water,  by  introducing  it 
at  45°  and  heating  it  to  90°  Fahr. 

The  same  process  may  be  employed  with  regard  to 
any  other  two  liquids  having  points  of  dilatation  difler- 
ing  between  those  of  alcohol  and  water ; but  it  wiU  be 
understood  that  the  same  scale  will  not  serve  for  more 
than  one  mixture.  To  adapt  this  principle  to  the  ordi- 
nary purposes  of  alcoholometric  measurement,  Silber- 
MANN  constructed  a thermometer  in  a peculiar  manner, 
thereby  forming  an  instrument  which  he  named  a dila- 
tometer,  a view  of  which  is  presented  to  the  reader  in 
Fig.  85.  The  instrument  is  made  by  Messrs.  Casar- 
TELLi,  of  Liverpool  and  Manchester,  who  kindly  fur- 
nished the  drawing. 

The  form  and  aiTangement  of  this  apparatus  are  as 
follow: — A large  bulb  tube.  A,  of  the  form  of  a hydro- 
meter, but  tapering  at  the  bottom  and  open  at  the  top, 
is  fixed  to  a metal  plate,  to  which  a thermometer,  c,  is 
also  attached.  The  thermometer  is  graduated  from 
25°  to  50°  C. — 45°  to  90°  F. — this  being  the  working 
temperature  of  the  dilatometer.  Both  the  thermometer, 
and  bulb  of  the  apparatus.  A,  are  immersed  in  the 
liquor  to  be  tested ; the  former,  to  show  the  tempera- 
ture, and  tlie  latter,  to  ascertain  the  expansion  of  the 
liquid  when  it  is  heated  from  25°  to  50°  C.  The  ex- 
pansion of  distilled  water  between  the  extreme  degrees 
of  the  thermometer,  is  marked  on  the  stem  of  A by  the 
figures  25  and  50 ; from  the  latter,  the  scale  of  degrees 
from  1 to  100  appended  to  the  stem  of  the  apparatus 
commences,  and  by  it,  the  expansion  of  the  alcoholic 
liquors  is  ascertained,  when  such  liquors  are  heated 
from  25°  to  50°.  A valve  of  cork,  or  india-rubber,  closes 
the  tapering  end  of  A ; this  valve  is  attached  to  a rod, 
h b,  fastened  to  the  supporting  plate  and  connected  to 
a spring,  b.  To  cause  the  hquid  under  examination  to 
flow,  the  spring  valve  is  depressed  by  turning  a screw 
of  four  threads,  for  the  purpose  of  giving  a quick 
motion,  fitting  in  the  upper  part  of  the  rod,  and  by 
reversing  the  motion  of  the  screw  the  thermometer 
is  closed;  sometimes  the  rod  may  be  made  to  termi- 
nate in  a flattened  end  or  cap,  as  the  figure  repre- 
sents, and  is  moved  by  pressing  it  with  the  finger.  As 
the  liquids  are  often  impregnated  with  air  or  gas,  it  is 
found  necessary,  before  testing,  to  drive  it  off;  the 
best  method  of  effecting  this  is  by  means  of  a vacuum, 
which  may  be  produced  by  the'  use  of  a small  leather 
piston,  E,  working  in  the  tube  of  the  thermometer. 
This  piston  serves  first,  by  suction,  to  fill  the  thermo- 
meter from  below;  and  then,  the  lower  part  being 
closed,  and  the  piston  driven  down,  on  raising  it  the 
air  will  be  seen  to  separate  from  the  liquid  at  all  points; 
and  after  two  or  three  more  strokes  of  the  piston  the 
liquid  may  be  completely  purified,  so  that  no  more 


bubbles  will  rise  during  the  operation  to  disturb  the 
proper  level  of  the  colmnn.  To  effect  the  withdrawal 
of  the  piston  without  any  shock,  so  as  not  to  divide  the 
column  abruptly,  the  piston-rod  is  made  hollow  through- 
out; the  operator,  having  wetted  his  finger,  applies  it  to 
the  top  of  the  piston-rod,  in  order  to  create  a vacuum 
.as  he  draws  up  the  piston ; he  then  withdraws  it  to  re- 


admit the  air,  and  tlie  piston  is  thus  removed  without 
a shock. 

In  order  to  form  the  vacuum  properly,  the  liquid  | 
must  be  pumped  in,  until  it  rises  to  the  piston-rod ; on 
depressing  the  piston  tliere  is  no  air  left  underneath  it. 
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The  tube  is  now  full  of  liquid,  and  by  depressing  the 
spring  valve  the  liquid  is  run  off,  until  it  is  as  high  as 
the  lowest  mark  on  the  tube,  when  the  temperature  has 
been  for  two  or  three  minutes  at  the  lowest  degree  of 
tlie  mercury  thermometer.  The  inventor  proposed  this 
method  to  overcome  the  inconveniences  to  which  those 
in  general  use  are  liable,  and  also  as  admitting  of  being 
applied  to  test  wines  as  well  as  alcoholic  liquors  of  any 
strength. 

The  method  is  based  upon  the  principle  of  dilatation, 
and  any  salts  or  vegetal  substances  entering  into  the 
composition  of,  or  otherwise  present  in  wines  or  alcoholic 
liquors,  do  not  materially  affect  the  result,  as  all  solu- 
tions expand  in  the  same  degree  as  water  within  the 
range  of  temperature  which  has  been  chosen.  There 
is  no  occasion  to  fear  the  presence  of  any  liquid  more 
dilatable  than  alcohol,  as  liquids  of  such  a nature  are 
more  expensive,  and  may,  besides,  be  detected  by  their 
peculiar  taste  and  smell.  The  same  reasoning  is  also 
applicable  to  liquids  less  dilatable  than  water.  The 
initial  temperature,  25°  C. — 45°  F. — was  selected,  be- 
cause water  may  always  be  foimd  below  that  tempera- 
ture in  summer.  The  final  degree,  50°  C. — 90°  F. — 
was  chosen  to  avoid  the  effect  of  evaporation,  which 
might  diminish  the  actual  degree  if  it  approached  too 
near  the  boiling  point;  and  the  range  between  this  and 
25°  C. — 45°  F. — was  found  sufficient.  Besides,  these 
two  points  offer  great  facilities  for  the  experiment,  as, 
if  it  be  conducted  in  a vessel  containing  about  a quart 
of  water,  a small  spirit  lamp  underneath  it  will  be  suffi- 
cient to  maintain  either  the  one  or  the  other.  The 
plate  carrying  the  thermometers  serves  to  agitate  the 
water,  that  its  temperature  may  be  uniform  throughout. 

In  Pennsylvania,  Dicas’  Liverpool  patent  hydro- 
meter is  adopted  by  Act,  15th  of  April,  1835,  for  the 
inspection  of  domestic  distilled  liquors.  It  is  made  of 
copper,  with  a stem  pointed  on  the  summit  to  receive 
brass  poises,  and  is  accompanied  by  a graduated  ivory 
scale,  with  a sliding  rule  and  thermometer  to  make 
corrections  for  temperature.  By  this  instrument  the 
strength  of  the  spirit  is  indicated,  as  with  Sykes’  hy- 
drometer, by  a certain  number  above  or  below  proof. 
The  Act  determines  the  standard  of  proof  spirits  to 
be  as  follows : — If  the  liquor  be  hydrometer  proof,  or 
one  hundred  parts  of  spirit  and  one  hundred  parts  of 
water,  it  shall  he  marked  as  liquor  of  the  fourth  proof ; 
if  it  should  he  5°  below  hydrometer  proof,  it  shall  be 
marked  as  of  the  third  proof  ; if  the  liquor  shall  be  10° 
below  hydrometer  proof,  it  shall  be  marked  as  of  the 
second  proof;  if  the  liquor  shall  be  15°  below  hydro- 
meter proof  it  shall  he  marked  as  of  the  first  proof. — ■ 
Booth. 

The  proof  spirit,  which  is,  according  to  the  preceding, 
composed  of  equal  parts  of  alcohol  and  water,  possesses 
a specific  gravity,  according  to  Ure,  of  0'9218  at  60° 
Fahr.,  and  is  centesimally  composed  of  55 ’76  of  alcohol, 
and  44-24  of  water  by  volume,  or,  by  weight,  of  48-03 
of  alcohol,  and  51-97  of  water. 

The  alcoholometer  of  Tralles  is  used  in  Russia, 
those  of  Cartiers  and  Gay'-Lussac  in  France— all 
of  which  determine  the  per  centage  by  volume  of  alco- 
hol in  a liquid,  and  by  means  of  the  calculation  which 
is  given  in  the  foregoing,  the  per  centage  by  weight  is 


obtained.  Having  the  per  centage  of  alcohol  by  weight 
in  a liquid,  the  quantity  of  water  is  like-wise  foimd  by 
deducting  the  amount  of  alcohol  firom  a hundred ; but 
if  the  content  of  alcohol  be  determined  per  volume, 
this  rule  -will  not  answer,  since,  on  mixing  alcohol  and 
water,  a contraction  in  volume  takes  place.  Thus,  if 
to  fifty  volumes  of  alcohol,  fifty  of  water  be  added,  the 
mixture  -will  not  make  up  a hundred  volumes.  In  the 
distillation  of  spirit  it  is  often  necessary  to  reduce 
stronger  alcoholic  liquors  to  lower  degrees  of  strength; 
and  unless  the  amount  of  contraction  be  known,  con- 
siderable labour  will  be  attendant  on  bringing  the  mix- 
ture to  the  desired  quality.  The  following  table  shows 
the  relative  volumes  of  alcohol  and  water  which,  when 
mixed,  make  up  a hundred. 


100  Volumes  of  spirit  contain  at  69**. 

100  Volumes  of  spirit  contiun  at  59^ 

Volume  of  alcohol. 

Volume  of  water. 

Volume  of  alcohol. 

Volume  Ok  water. 

100 

0-00 

45 

58-64 

95 

6-18 

40 

63-44 

90 

11-94 

35 

68-14 

85 

17-47 

30 

72-72 

80 

22-87 

25 

77-24 

75 

28-19 

20 

81-72 

70 

33-14 

15 

86-20 

65 

38-615 

10 

90-72 

60 

43-73 

5 

95-31 

55 

48-77 

0 

100-00 

50 

53-745 

The  annexed  table  of  Gay-Lussac  is  more  extensive 
on  the  subject,  and  shows  tlie  volume  of  water  per  cent, 
which  is  to  be  added  to  a liquor,  of  whatever  strength, 
to  bring  it  to  any  degree  of  dilution. 

In  this  table  the  top  horizontal  column  indicates  the 
per  centage  by  volume  of  the  spirit  which  is  required 
to  be  produced.  The  vertical  columns  under  the  top 
line  specify  the  number  of  volumes  of  water  which  are 
to  be  added  to  a thousand  volumes  of  alcohol,  the 
richness  of  which  is  pointed  out  in  the  vertical  column 
at  the  left-hand  side  of  the  table,  in  order  to  obtain  the 
spirit  properly  diluted. 

As  illustrations  facilitate  the  comprehension  of  the 
student  in  every  problem,  it  may  be  well  to  follow  the 
rule  in  this  instance,  and  give  a few  examples  taken 
from  the  table,  in  order  that  its  application  throughout 
may  be  more  efiectually  understood.  If  it  be  req-uired 
to  prepare  an  alcohol  of  fifty  per  cent,  from  a hquor 
which  is  eighty  per  cent.,  the  number,  fifty,  is  sought 
in  the  top  horizontal  line  of  strengths,  and  in  the  verti- 
cal line  under  this  figure  the  number  six  hundred  and 
thirty-one  is  found  in  a horizontal  line  -with  eighty  in 
the  left  hand  vertical  column ; this  figure  indicates  the 
number  of  volumes  of  water  which  are  to  be  added  to 
a thousand  volumes  of  alcohol  of  eighty  per  cent,  to 
bring  it  to  the  required  degree  of  dilution. 

Again,  if  it  be  requisite  to  bring  a spirit  of  sixty  per 
cent,  to  thirty  per  cent.,  the  latter  figure  is  found  in  the 
horizontal  column  at  the  top,  and  in  the  vertical  column 
under  it,  in  a line  with  sixty  on  the  left  hand,  one 
thousand  and  seventeen  is  seen,  which  is  the  number  of 
measures  of  water  indispensable  to  reduce  a thousand 
volumes  of  the  strong  liquor  to  the  strength  of  thirty 
per  cent. 


ALCOHOL Alcoholometky.  143 


TABLE  OF  GAY-LUSSAC  FOB  PBOCUKING  A WEAKER  ALCOHOL  OF  A CERTAIN  STRENGTH 

FROM  A STRONGER. 


^ Desired  strength  of  tbo  spirit, 

▼ols.  of  “ 

alcohol  Per  cent  by  volume. 


of  per 
cent  by 
vol. 

30 

31 

Si  \ 

3» 

34  1 

35 

SG 

37 

38 

39 

40 

41 

43 

43 

44 

45 

4G 

47 

43 

40 

31 

33 

32 

67 

32 

33 

100 

65 

31 

34 

134 

97 

63 

30 

35 

167 

129 

94 

61 

30 

36 

201 

162 

126 

91 

59 

29 

37 

234 

194 

157 

122 

89 

58 

28 

38 

268 

227 

189 

153 

119 

86 

56 

27 

39 

302 

260 

220 

183 

148 

115 

84 

55 

27 

40 

335 

292 

252 

214 

178 

144 

112 

82 

53 

26 

41 

369 

325 

284 

245 

208 

173 

140 

109 

80 

52 

25 

42 

403 

358 

315 

275 

238 

202 

169 

137 

107 

78 

51 

25 

43 

437 

390 

347 

306 

268 

231 

197 

1.54 

134 

104 

76 

50 

24 

44 

471 

423 

379 

337 

298 

261 

225 

192 

160 

130 

102 

75 

49 

24 

45 

505 

456 

411 

368 

328 

290 

254 

220 

187 

157 

127 

99 

73 

47 

23 

46 

539 

489 

443 

399 

358 

319 

282 

247 

214 

183- 

153 

124 

97 

71 

46 

23 

47 

573 

522 

474 

430 

388 

348 

310 

275 

241 

209 

179 

149 

122 

95 

70 

46 

22 

48 

607 

555 

506 

461 

418 

377 

339 

303 

268 

235 

204 

174 

146 

119 

93 

68 

45 

22 

49 

641 

588 

538 

492 

448 

407 

367 

330 

295 

262 

230 

200 

171 

143 

116 

91 

67 

44 

21 

50 

675 

621 

570 

523 

478 

436 

396 

358 

322 

288 

256 

225 

195 

167 

140 

114 

89 

G6 

43 

21 

51 

709 

654 

602 

554 

508 

465 

424 

386 

349 

314 

281 

250 

220 

191 

163 

137 

112 

87 

64 

42 

52 

743 

687 

634 

585 

539 

495 

453 

414 

376 

341 

307 

275 

244 

215 

187 

160 

134 

110 

86 

63 

53 

777 

720 

666 

616 

569 

524 

482 

442 

403 

367 

333 

300 

269 

239 

210 

183 

157 

132 

107 

84 

54 

811 

753 

699 

647 

599 

553 

510 

469 

431 

394 

359 

325 

293 

263 

234 

206 

179 

153 

129 

105 

55 

846 

786 

731 

679 

629 

583 

539 

497 

458 

420 

385 

350 

318 

287 

257 

229 

202 

176 

151 

127 

56 

880 

820 

763 

700 

660 

613 

568 

525 

485 

447 

411 

376 

343 

311 

281 

252 

224 

198 

172 

148 

57 

914 

853 

795 

741 

690 

642 

596 

553 

512 

473 

436 

401 

367 

335 

305 

275 

247 

220 

194 

169 

58 

949 

886 

827 

772 

721 

672 

625 

581 

540 

500 

462 

426 

392 

359 

328 

298 

269 

242 

216 

190 

59 

983 

919 

860 

804 

751 

701 

654 

609 

567 

527 

488 

452 

417 

384 

352 

321 

292 

264 

237 

212 

60 

1017 

953 

892 

835 

781 

731 

683 

637 

594 

563 

514 

477 

442 

408 

375 

345 

315 

286 

259 

233 

61 

1052 

986 

924 

867 

812 

760 

711 

665 

622 

580 

540 

503 

467 

432 

399 

368 

338 

309 

281 

254 

62 

1086 

1019 

957 

898 

842 

790 

740 

694 

649 

607 

566 

528 

491 

456 

423 

391 

360 

331 

303 

276 

63 

1121 

1053 

989 

929 

873 

820 

769 

722 

676 

633 

593 

554 

516 

481 

447 

414 

383 

353 

325 

297 

64 

1155 

1086 

1022 

961 

904 

850 

798 

750 

704 

660 

619 

579 

541 

505 

471 

438 

406 

376 

346 

318 

65 

1190 

1120 

1054 

992 

934 

879 

827 

778 

731 

687 

645 

605 

566 

529 

494 

461 

429 

398 

368 

340 

66 

1224 

1153 

1086 

1024 

965 

909 

856 

806 

759 

714 

671 

630 

591 

554 

518 

484 

451 

420 

390 

361 

67 

1259 

1187 

1119 

1055 

995 

939 

885 

834 

786 

741 

697 

656 

616 

578 

542 

508 

474 

443 

412 

383 

68 

1293 

1220 

1151 

1087 

1026 

969 

914 

863 

814 

767 

723 

681 

641 

603 

566 

531 

497 

405 

434 

404 

69 

1328 

1254 

1184 

1118 

1056 

998 

943 

891 

841 

794 

750 

707 

666 

627 

590 

554 

520 

487 

456 

426 

70 

1363 

1287 

1216 

1150 

1087 

1028 

972 

919 

869 

821 

776 

732 

691 

652 

614 

578 

543 

510 

478 

447 

71 

1397 

1321 

1249 

1182 

1118 

1058 

1001 

948 

897 

848 

802 

758 

716 

676 

638 

601 

566 

532 

500 

469 

72 

1432 

1354 

1282 

1213 

1149 

1088 

1030 

977 

924 

875 

828 

784 

741 

701 

662 

625 

589 

555 

522 

491 

73 

1467 

1388 

1314 

1245 

1180 

1118 

1060 

1005 

952 

902 

855 

810 

767 

725 

686 

648 

612 

578 

544 

512 

74 

1502 

1422 

1347 

1277 

1211 

1148 

1089 

1033 

980 

929 

881 

835 

792 

750 

710 

672 

635 

600 

567 

534 

75 

1536 

1456 

1380 

1309 

1241 

1178 

1118 

1061 

1008 

956 

908 

861 

817 

775 

734 

695 

658 

623 

589 

556 

76 

1571 

1489 

1413 

1340 

1272 

1208 

1147 

1089 

1035 

983 

934 

887 

842 

799 

758 

719 

681 

645 

611 

578 

77 

1606 

1523 

1445 

1372 

1303 

1238 

1177 

1118 

1083 

1011 

961 

913 

867 

824 

782 

743 

705 

668 

633 

599 

78 

1641 

1557 

1478 

1404 

1334 

1268 

1206 

1147 

1091 

1038 

987 

939 

893 

849 

807 

766 

728 

691 

655 

621 

79 

1676 

1591 

1511 

1436 

1365 

1299 

1235 

1175 

1119 

1065 

1014 

965 

918 

873 

831 

790 

751 

713 

678 

643 

80 

1711 

1625 

1544 

1468 

1396 

1329 

1265 

1204 

1147 

1092 

1040 

991 

943 

898 

855 

813 

774 

736 

700 

665 

81 

1746 

1658 

1577 

1500 

1427 

1359 

1294 

1233 

1175 

1119 

1067 

1017 

969 

923 

879 

837 

797 

759 

722 

687 

82 

1781 

1692 

1610 

1532 

1458 

1389 

1323 

1261 

1203 

1147 

1093 

1043 

994 

948 

904 

861 

821 

782 

745 

709 

83 

1816 

1726 

1643 

1564 

1489 

1419 

1353 

1290 

1231 

1174 

1120 

1069 

1020 

973 

928 

885 

844 

805 

767 

731 

84 

1851 

1760 

1676 

1596 

1521 

1450 

1382 

1319 

1259 

1201 

1147 

1095 

1045 

998 

952 

909 

867 

828 

789 

753 

85 

1886 

1794 

1709 

1628 

1552 

1480 

1412 

1348 

1287 

1229 

1173 

1121 

1071 

1023 

977 

933 

891 

851 

812 

775 

86 

1921 

1828 

1742 

1660 

1583 

1510 

1442 

1376 

1315 

1256 

1200 

1147 

1096 

1048 

1001 

957 

914 

874 

834 

797 

87 

1956 

1863 

1775 

1692 

1614 

1541 

1471 

1405 

1343 

1284 

1227 

1173 

1122 

1073 

1026 

981 

938 

897 

857 

819 

88 

1992 

1897 

1808 

1724 

1645 

1571 

1501 

1434 

1371 

1311 

1254 

1200 

1147 

1098 

1050 

1005 

961 

920 

880 

841 

89 

2027 

1931 

1841 

1757 

1677 

1602 

1531 

1463 

1400 

1339 

1281 

1226 

1173 

1123 

1075 

1029 

985 

943 

902 

863 

90 

2062 

1966 

1875 

1789 

1708 

1633 

1561 

1492 

1428 

1367 

1308 

1252 

1199 

1148 

1100 

1053 

1009 

966 

925 

886 
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Table  of  Gay-Lussac  for  procuring  a weaker  alcohol  of  a certain  strength  from  a stronger. — Continued. 


1000 
vola.  of 
Rlcohol 


Desired  strength  of  the  spirit. 


Per  cent,  by  volume. 


cent, 
by  vol. 

60 

61 

62 

63 

61 

65 

66 

67 

68 

69 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

51 

21 

52 

41 

20 

53 

62 

41 

20 

54 

83 

61 

40 

19 

55 

103 

81 

60 

39 

19 

56 

124 

102 

80 

59 

38 

19 

57 

145 

122 

100 

78 

58 

38 

19 

58 

166 

142 

120 

99 

77 

57 

37 

18 

59 

187 

163 

140 

118 

96 

76 

56 

37 

18 

60 

208 

183 

160 

137 

116 

95 

74 

55 

36 

18 

61 

229 

204 

180 

157 

135 

114 

93 

73 

54 

35 

17 

62 

250 

225 

200 

177 

155 

133 

112 

92 

72 

53 

35 

17 

63 

271 

245 

221 

197 

174 

152 

131 

110 

90 

71 

52 

34 

17 

64 

292 

266 

241 

217 

194 

171 

150 

128 

109 

89 

70 

52 

34 

17 

65 

313 

286 

261 

237 

213 

190 

lt)8 

147 

127 

107 

88 

69 

51 

33 

16 

66 

334 

307 

281 

256 

233 

209 

187 

166 

145 

125 

105 

86 

68 

50 

33 

16 

67 

355 

328 

301 

276 

252 

229 

206 

184 

163 

143 

123 

104 

85 

67 

49 

32 

16 

68 

376 

348 

322 

296 

272 

248 

225 

203 

181 

160 

140 

121 

102 

84 

66 

49 

32 

16 

69 

397 

369 

342 

316 

291 

267 

244 

221 

200 

178 

158 

138 

119 

101 

82 

65 

48 

32 

16 

70 

418 

390 

362 

336 

311 

286 

263 

240 

218 

196 

176 

156 

136 

117 

99 

81 

64 

47 

31 

15 

71 

439 

411 

383 

356 

331 

306 

282 

259 

236 

214 

193 

173 

153 

134 

116 

98 

80 

63 

47 

31 

15 

72 

460 

431 

403 

376 

350 

325 

301 

277 

255 

232 

211 

191 

171 

151 

132 

114 

97 

79 

63 

46 

30 

15 

73 

482 

452 

424 

396 

370 

344 

320 

296 

273 

251 

229 

208 

188 

168 

149 

131 

113 

95 

78 

62 

46 

30 

15 

74 

503 

473 

444 

416 

390 

364 

339 

315 

291 

269 

247 

226 

205 

185 

166 

147 

129 

111 

94 

77 

61 

45 

30 

15 

75 

524 

494 

465 

437 

409 

383 

358 

333 

310 

287 

265 

243 

222 

202 

183 

164 

145 

127 

110 

93 

76 

60 

45 

29 

14 

76 

546 

515 

485 

457 

429 

403 

377 

352 

328 

305 

283 

261 

240 

219 

199 

180 

162 

143 

126 

109 

92 

75 

60 

44 

29 

77 

567 

536 

506 

477 

449 

422 

396 

371 

347 

323 

300 

278 

257 

236 

216 

197 

178 

159 

142 

124 

107 

91 

75 

59 

44 

78 

588 

557 

527 

497 

469 

442 

415 

390 

365 

341 

318 

296 

274 

253 

233 

213 

194 

176 

157 

140 

123 

106 

90 

74 

58 

79 

610 

578 

547 

517 

489 

461 

434 

409 

384 

360 

336 

314 

292 

271 

250 

230 

211 

192 

173 

155 

138 

121 

105 

88 

73 

80 

631 

599 

568 

538 

509 

481 

454 

428 

402 

378 

354 

331 

309 

288 

267 

247 

227 

208 

189 

171 

153 

136 

120 

103 

87 

81 

653 

620 

588 

558 

529 

500 

473 

447 

421 

396 

372 

349 

327 

305 

284 

263 

243 

224 

205 

187 

169 

152 

135 

118 

102 

82 

674 

641 

609 

578 

549 

520 

492 

465 

440 

415 

390 

367 

344 

322 

301 

280 

260 

240 

221 

203 

184 

167 

150 

133 

117 

83 

696 

662 

630 

599 

569 

540 

512 

485 

458 

433 

409 

385 

362 

339 

318 

297 

276 

256 

237 

218 

200 

182 

165 

148 

131 

84 

717 

683 

651 

619 

589 

559 

531 

504 

477 

451 

427 

403 

379 

357 

335 

313 

293 

273 

253 

234 

216 

198 

180 

163 

146 

85 

739 

705 

671 

640 

609 

579 

550 

523 

496 

470 

445 

421 

397 

374 

352 

330 

309 

289 

269 

250 

231 

213 

195 

178 

161 

86 

761 

726 

692 

660 

629 

599 

570 

542 

515 

488 

463 

438 

415 

391 

369 

347 

326 

305 

285 

266 

247 

229 

211 

193 

176 

87 

782 

747 

713 

681 

649 

619 

589 

561 

534 

507 

481 

456 

432 

409 

386 

364 

343 

322 

302 

282 

263 

244 

226 

208 

191 

88 

804 

769 

734 

701 

669 

639 

609 

580 

553 

526 

500 

474 

450 

426 

403 

381 

359 

338 

318 

298 

279 

260 

241 

223 

206 

89 

826 

790 

755 

722 

690 

659 

629 

600 

572 

544 

518 

493 

468 

444 

421 

398 

376 

355 

334 

314 

295 

275 

257 

239 

221 

90 

848 

812 

777 

743 

710 

679 

648 

619 

591 

563 

537 

511 

486 

462 

438 

415 

393 

372 

351 

331 

311 

291 

273 

254 

236 

Table  of  Gay-Lussac  for  procuring  a weaker  alcohol  of  a certain 
strength  from  a stronger. — Concluded. 


lono 

vols.  of 
slcohol 


Desired  strength  of  the  spirit 


Per  cent  by  volume. 


oi  per 
cent 
>y  vol. 

75 

70 

77 

78 

79 

80 

81 

82 

83 

81 

85 

80 

87 

88 

89 

76 

14 

77 

29 

14 

78 

43 

28 

14 

79 

57 

43 

28 

14 

80 

72 

57 

42 

28 

14 

81 

86 

71 

56 

42 

27 

14 

82 

101 

85 

70 

56 

41 

27 

13 

83 

116 

100 

85 

70 

55 

41 

27 

13 

84 

130 

114 

99 

84 

69 

55 

40 

27 

13 

85 

145 

129 

113 

98 

83 

68 

54 

40 

26 

13 

86 

159 

143 

127 

112 

97 

82 

68 

54 

40 

26 

13 

87 

174 

158 

142 

126 

111 

96 

81 

67 

53 

39 

26 

13 

88 

189 

172 

156 

140 

125 

110 

95 

81 

66 

53 

39 

26 

13 

89 

204 

187 

171 

155 

139 

124 

109 

94 

80 

66 

52  39 

26 

13 

90 

219 

202 

185 

169 

153 

138 

123 

108 

94 

79 

66  52 

39 

26 

13 

The  tables  for  determining  the  per  centage  of  alcohol, 
as  given  in  the  preceding  pages,  cannot  all  he  con- 
sulted when  ascertaining  the  quantity  of  spirit  in  a 
liquid,  and  from  this  fact  they  might  be  looked  upon 
as  mmecessary;  they  serve,  however,  to  give  a clear 
view  of  the  composition  of  alcoholic  liquors  of  different 
states  of  dilution,  and  under  the  influence  of  various 
degrees  of  temperature  and  pressure,  enabhng  the  dili- 
gent student  to  draw  up  tables  of  great  accuracy  and 
of  less  extent,  for  reference  on  all  ordinary  occasions. 
This  arrangement  has  been  already  effected,  as  in 
Sykes’  and  many  other  tables.  From  what  has  been 
said  upon  the  properties  of  alcohol  at  the  beginning  of 
the  subject,  in  relation  to  its  real  speciflc  gravity,  as 
determined  by  Drinkwater,  it  will  be  observed  that 
none  of  the  enumerated  tables  are  strictly  correct, 
since  the  density  of  absolute  alcohol — ^to  which  all  the 
other  densities  bear  a proportionate  analogy — stated  in 
them,  is  considerably  higher  than  that  assigned  to  it  by 
the  forementioned  chemist. 
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Plence  the  necessity  of  constructing  new  tables,  cor- 
responding to  the  density  of  absolute  alcohol,  as  found 
by  recent  experiments,  becomes  urgent. 

The  annexed  is  a contraction  of  the  foregoing  table 
of  G-ay  Lussac,  showing  the  dilution  per  cent,  in  re- 


ducing liquors  to  a lower  strength.  The  upper  horizon- 
tal column  contains  the  per  cent,  of  the  stronger  alcohol, 
and  the  vertical  columns  below,  the  hulk  of  water  which 
is  to  he  added  to  100  volumes  of  it,  to  produce  spirit 
of  the  quality  indicated  in  the  left-hand  column. 


Desired  strengtb  in 
per  cent. 

100  yols.  of  alcohol  of  per  cent  by  voL 

1 

90 

85 

80 

75 

70 

05 

00 

55 

60 

85 

6-56 

80 

13-79 

6-83 

75 

21-89 

14-48 

7-20 

70 

31-05 

23-14 

15-35 

7-64 

G5 

41-53 

33-03 

24-66 

16-37 

8-15 

60 

53-65 

44-48 

35-44 

26-47 

17-58 

8-76 

55 

67-87 

57-90 

48-07 

38-32 

28-63 

19-02 

9-47 

50 

84-71 

73-90 

63-04 

52-43 

41-73 

31-25 

20-47 

10-35 

45 

105-34 

93-30 

81-38 

69-54 

57-78 

46-09 

34-46 

22-90 

11-41 

40 

130-80 

117-34 

104-01 

90-76 

77-58 

64-48 

51-43 

38-46 

25-55 

35 

163-28 

148-01 

132-88 

117-82 

102-84 

87-93 

73-08 

58-31 

43-59 

30 

206-22 

188-57 

171-05 

153-61 

136-04 

118-94 

101-71 

84-54 

67-45 

25 

266-12 

245-15 

224-30 

203-53 

182-83 

162-21 

141-65 

121-16 

100-73 

20 

355-80 

329-84 

304-01 

278-26 

252-58 

226-98 

201*43 

175-96 

150-55 

15 

505-27 

471-00 

436-85 

402-81 

368-83 

334-91 

301-07 

267-29 

233-64 

10 

804-54 

753-65 

702-89 

652*21 

601-60 

551-06 

500-59 

450-19 

399-85 

Adulterations  ofSpiritous  Liquors  and  their  detection. 
— The  sophistication  of  alcoholic  liquors  has  been  prac- 
tised to  give  to  many  solutions  containing  very  little 
spirit,  the  appearance  and  some  of  the  physical  pro- 
perties which  would  he  conferred  by  alcohol ; and  adul- 
terations have  also  been  practised  with  a view,  as  it 
were,  of  veiling  the  quantity  of  spirit. 

Such  proceedings  are  invariably  the  result  of  dishonest 
trade;  though,  of  the  two  evils,  the  former  is  the  viler 
in  its  tendency.  The  counterfeiting  of  strong  alcoholic 
liquors  apparently  as  weaker  spirit,  or  passing  them 
off  as  quite  a different  liquid,  was  fostered  in  the  wine- 
growing coimtries  of  the  continent,  where  large  quanti- 
ties of  brandy  were  manufactured;  and  before  the  pro- 
per means  of  detection  were  at  command,  the  strongest 
brandy  was  often  sold  to  the  merchants  disguised  as  ordi- 
nary wine,  or  a much  weaker  spirit,  and  by  this  means  the 
Octroi  duties  were  eluded.  The  imposition  had  long  been 
practised  after  the  introduction  of  various  hydrometric 
or  alcoholometric  scales  for  the  determination  of  the 
amount  of  alcohol  in  spiritous  liquors ; for,  as  most  of 
these  were  on  the  principle  of  the  gravity  test,  advan- 
tage was  taken  by  adding  various  substances  which 
would  heighten  the  density,  and  make  it  appear  that 
the  spirit  was  much  more  aqueous  than  it  really  was. 
In  other  instances  the  spirit  was  passed  upon  the  Excise 
as  quite  a different  article,  sometimes  as  a deodorising 
agent,  while  at  other  times  it  was  made  to  assume  the 
character  of  wood  naphtha.  Expedients  such  as  these 
have  been  countenanced  in  this  country ; and  in  the  large 
towns  where  much  alcoholic  liquor  is  consumed,  the 
contrary  vice  of  vending  drinks  to  the  public  which 
are  said  to  be  alcoholic,  but  in  reality  contain  httle  or 
no  spirit,  is  frequently  praetised  among  some  of  the 
liqueur  fabricators,  who  add  supervacaneous  substances, 
making  an  olla  podrida.  To  defraud  the  Excise,  sugar, 
or  other  extractive  matter,  is  added  to  the  spirit,  to  in- 
crease the  specifie  gravity,  and  sometimes  wood-spirit, 
turpentine,  pyroligneous  acid,  chlorine  water,  or  other 
bodies  possessing  a strong  odor,  are  added  to  the  liquor, 
and  in  this  case  it  is  represented  as  not  being  alcoholic. 
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The  detection  of  these  frauds  is,  for  the  most  part, 
easy  and  expeditious.  In  case  sugar,  extractive  matter, 
pyroligneous  acid,  turpentine,  et  cetera,  are  suspected, 
it  is  only  necessary  to  distil  a poition  of  the  liquid, 
and  determine  the  density  of  the  distillate  by  the 
hydrometer,  or  specific  gravity  bottle,  and  on  referring 
to  the  corresponding  gravity  in  either  of  the  tables 
already  given,  under  alcoholometry,  the  corresponding 
value  of  alcohol  is  found.  When  a liquor  is  disguised 
as  wood  naphtha,  it  is  more  difficult  to  determine  the 
amount  of  alcohol ; distillation,  as  in  the  forementioned 
instance,  is  ineffectual,  for  the  naphtha  passes  over  at 
even  a lower  degree  of  heat  than  the  alcohol.  The 
following  is  the  method  recommended  by  Dr.  Ure  for 
the  detection  of  alcohol  in  wood  or  coal  naphtha,  or 
pyroligneous  acid : — 

A small  quantity  of  nitric  acid  of  specific  gravity 
1‘45,  is  first  to  be  added  to  the  spirit  under  examination, 
and  if  alcohol  be  present,  it  will  immediately  produce 
an  effervescence  of  nitrous  ether  gas,  which  may  be 
recognized  as  such  by  its  odor.  The  mixture  is  then 
treated  with  a solution  of  mercury  in  nitric  acid — 
which  is  prepared  by  dissolving  one  hundred  grains 
of  mercury  in  one  fluid  ounce  of  this  acid,  wilh 
the  help  of  heat.  Soon  after  this  addition,  and  espe- 
cially on  raising  the  temperature,  the  mixture  be- 
gins to  effervesce  and  to  evolve  thick  ethereal  vapors ; 
should  the  effervescence  become  too  violent,  it  must  be 
quelled  by  immediately  withdrawing  the  fire,  and  cool- 
ing the  vessel.  A yellowish  grey  precipitate  falls  down, 
which  is  fulminate  of  mercury,  and  which  should  he 
immediately  separated  by  decanting  or  filtering  the 
liquor  from  it,  washing  the  precipitate  on  the  filter 
with  a little  distilled  water,  and  carefully  drying  it 
at  a heat  which  must  not  exceed  100°  Fahr.;  after 
which  it  is  weighed.  The  quantity  of  fulminate  of 
mercury  obtained  is  nearly  equal  to  that  of  the  alcohol 
contained  in  the  wood-spirit ; and  at  any  rate,  the 
formation  of  the  detonating  salt  is  quite  characteristic 
of  the  presence  of  alcohol,  smce  wood-spirit  treated 
by  nitric  acid  in  the  presence  of  mercury  or  silver, 
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produces  neither  fulminate  of  silver  nor  fulminate  of 

of  various  ingredients  'with  alcohol,  as  is  directed  under 

mercury. 

these  heads,  it  is  not  uncommon  to  find  that  the  alco- 

In  applying  this  test,  the  greatest  care  should  he 

hoi,  in  such  compounded  articles,  is  attenuated  as  low 

exercised,  and  every  precaution  taken  to  prevent  con- 

as  possible,  and  that  the  agreeableness  of  taste,  and  the 

tact  of  any  hard  body  with  the  precipitate,  since  the 

pungency  of  flavor  peculiar  to  the  genuine  beverages. 

fulminates  of  silver  and  mercury,  and  especially  the 

are  conferred  by  means  of  pepper,  cayenne,  or  other 

former,  are  so  very  explosive;  the  fulminate  of  silver 

acrid  substances.  These  sophistications  are  discovered 

has  been  known  to  explode  by  contact  with  a glass  rod. 

by  evaporating  a known  quantity  of  the  liquid  to  dry- 

even  under  water ; the  fulminate  of  mercury  is  less  ex- 

ness  at  a gentle  heat ; the  impure  matters  remain,  and 

plosive,  and  on  that  account  is  preferred.  For  the 

may  be  recognised  by  their  flavor. 

purpose  of  collecting  these  compounds,  the  feather  of  a 

Various  alcoholometers  have  been  lately  constructed 

quiU  should  be  used ; and  if  the  quantity  is  at  aU  con- 

for  the  purpose  of  ascertaining  the  content  of  alcohol. 

siderahle,  that  is,  if  it  exceeds  a few  grains,  it  should 

irrespective  of  the  density.  The  first  instrument  of  this 

be  collected  in  several  filters  so  as  to  handle  only  small 

description  was  constructed,  as  already  stated,  by  M. 

portions  at  a time.  During  the  evolution  of  the  ethereal 

Brossard- Vidal,  and  was  improved  by  Conaty. 

vapors  before  alluded  to,  all  approach  of  flame  should 

Ure’s  modification  of  this  instrument,  which  is  given 

be  carefully  avoided. 

at  page  136,  determines  the  amount  of  alcohol  from 

The  same  chemist  gives  the  following  as  the  principal 

the  boiling  point ; and  more  recently,  Silbermann,  to 

tests  whereby  to  discern  alcohol  from  wood  naphtha, 

obviate  the  discrepancies  attendant  upon  other  methods. 

and  also  whether  the  latter  is  genuine  or  mixed  with 

constructed  his  dilatometer,  which  has  been  likewise 

alcohol 

described.  These  instruments  determine  the  amount 

1st.  The  boiling  point  of  pure  wood  naphtha  spirit 

of  alcohol,  -without  referring  to  the  foreign  bodies  which 

is  at  least  20°  Fahr.  below  that  of  alcohol  of  the  same 

may  have  been  present  in  the  liquor. 

density,  and  it  exhales  the  characteristic,  pungent,  and 

Acetates  of  copper  and  lead  are  rarely  detected  in 

offensive  odor  of  aldehyde.  In  the  course  of  his  ex- 

brandies,  owing  to  the  repeated  distillations  to  which 

periments  he  found  the  boiling  point  of — 

the  spirit  is  subjected,  but  where  the  old  stills  are  em- 

Wood-spirit,  of  specific  gravity,  '870,  to  be  144°  Fabr. 

ployed,  the  solder  connecting  the  seams  of  the  stiU  is 

Alcohol,  of  like  gravity, 180°  ,, 

dissolved  by  the  small  quantity  of  acetic  acid  present 

Wood-spirit,  of  specific  gravity,  '832, 140°  „ 

in  the  liquors ; it  has  likewise  been  kno-wn  that  acetate 

Alcohol,  of  the  same  density, 171‘1°  „ 

of  lead— sugar  of  lead — has  been  added  to  facilitate 

If  ten  per  cent,  of  naphtha  be  mixed  with  alcohol,  the 

the  clarifying  process.  Liquors  thus  treated  may  prove 

boiling  point  is  lowered  at  least  6°  Fahr. 

extremely  pernicious,  since  acetate  of  lead  is  highly 

2nd.  When  rectified  naphtha  is  distilled  at  the  tern- 

poisonous.  By  filtering  the  brandy  through  animal 

perature  of  boiling  water  from  a large  quantity  of  hme. 

charcoal,  and  adding  sulphmic  acid  to  the  clear  liquor, 

the  distillate  is  unchanged  in  its  gravity,  whilst  if  alco- 

if  the  lead  has  been  present  in  excess,  a white  preci- 

hoi,  or  a mixture  of  alcohol  and  naphtha,  be  subjected  to 

pitate  appears ; if  there  is  no  precipitate,  a stream  of 

the  same  treatment,  the  first  portions  that  come  over 

sulphide  of  hydrogen  is  to  be  transmitted  through  the 

are  nearly  absolute,  and  stand  at  a density  below  *800, 

liquid,  and  if  any  lead  is  present,  a black  precipitate,  or 

and  contain,  at  60°  Fahr.,  about  seventy  per  cent,  over 

coloration  is  produced.  Should  a white  precipitate 

proof.  The  reason  of  this  characteristic  difference 

be  obtained  by  the  action  of  sulphuric  acid,  or  siflphate 

seems  to  be  that  naphtha  possesses  a stronger  affinity 

of  soda,  on  the  brandy,  it  is  turned  black  by  the  addi- 

for  water  than  alcohol. 

tion  of  sulphide  of  ammonium,  and  if  the  precipitate 

3rd.  Wlien  water  is  added  to  alcohol,  the  specific 

should  be  bulky  it  may  be  mixed  with  a little  car- 

gravity  of  the  liquor  becomes  reduced  in  a less  pro- 

bonate  of  soda,  and  reduced  on  charcoal  before  the 

portion  than  when  wood-spirit  of  the  same  gravity  as 

blo-wpipe  to  a globule  of  metal. 

the  alcohol  is  diluted  with  the  same  quantity  of  water. 

Copper  may  be  detected  by  filtering  a portion  of 

Thus,  for  example,  if  alcohol  of  a given  density  is 

the  brandy  through  animal  charcoal,  to  decolorize  it; 

diluted  with  a certain  quantity  of  water,  so  as  to  bring 

ammonia  is  then  to  be  added  to  the  clear  hquor,  to 

it  to  specific  gravity  O' 920,  wood-spirit  of  the  same 

which  it  -will  impart  a blue  tinge,  if  copper  be  present. 

original  gravity,  and  diluted  with  the  same  quantity  of 

at  least  in  sufficient  quantity.  Several  hours  are  some- 

water,  will  become  of  specific  gravity  0'926  or  0'927. 

times  requisite  to  determine  this  appearance.  The 

Dr.  Ure  says  that  caustic  potassa  in  powder  is  the 

presence  of  copper  may  also  be  detected  by  immersing 

most  delicate  test  for  the  detection  of  wood-spirit  in 

a blade  of  perfectly  clean  iron  in  the  brandy,  and  leav- 

alcohol;  for  if  wood-spirit  is  present  the  liquor  assumes 

ing  it  there  for  a few  hours,  when  it  will  be  found 

then  a brovm  color,  whilst  pulverized  potassa  does  not 

coated  with  a film  of  metallic  copper.  The  brandy, 

alter  the  color  of  pure  alcohol,  even  after  several  hours. 

first  decolorized  by  animal  charcoal,  may  also  be  tested 

and  it  is  only  after  a whole  day’s  contact  that  a feeble 

for  copper  by  a solution  of  ferrocyanide  of  potassium. 

yellowish  tinge  is  then  developed.  But  if  the  alcohol 

which  will  produce  a reddish  brown  precipitate  ivith 

contains  only  two  per  cent.,  or  even  one  per  cent,  of 

this  metal. 

■vvood-spirit,  it  tons  yellowish  in  the  course  of  ten 

Statistics  of  the  Spirit  Trade  of  Great 

minutes,  and  brown  in  half  an  hour. 

Britain  and  Ireland,  from  the  Parliamentary 

On  the  other  hand,  where  brandies,  gins,  and  other 

Keports  of  the  Inland  Revenue. — Without  re- 

alcoholic  liquors  are  artificially  made  by  admixture 

curring  to  the  period  when  the  English  distiller  had 
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to  pay  a duty  of  eleven  shillings  and  eightpence  farthing 
on  every  gallon  of  spirits  distilled,  or  to  the  time  that 
the  Scotch  distiller  had  to  contend  with  a revenue  rental 
of  one  hundred  and  sixty-two  pounds  sterling  upon  every 
gallon  capacity  of  his  still,  it  may  be  interesting  to  give 
a brief  statement  of  the  extent  of  the  spirit  trade,  and 
the  amount  of  revenue  which  through  this  channel  flows 
into  the  Exchequer.  Every  Enghsh  distiller  has  now 
to  pay  a licence  duty  of  ten  guineas  before  he  can  law- 
fully conduct  operations,  and  afterwards  a duty  of  eight 
shillings  per  imperial  gallon  of  spirits,  proof  strength, 
which  he  produces. 

The  Scotch  and  Irish  distillers  have  to  pay  the  same 
licence  fee  as  the  Enghsh,  and  in  addition  to  this  the 
Scotch  distiller,  like  the  English,  paj’^s  a duty  of  eight 
shilhngs  per  imperial  gallon  of  proof  strength,  being  an 
increase  of  four  shillings  and  fourpence  per  gallon  above 
what  was  paid  by  the  Scotch  distiller  previous  to  the 
1st  of  April,  1853 ; the  Irish  manufacturer  also  pays  a 
duty  of  six  shillings  and  twopence  per  gallon,  proof 
strength.  Regarding  the  spirit  imported  from  Guern- 
sey, Jersey,  Alderney,  and  Sark,  into  England,  Scot- 
land, and  Ireland,  the  Government  enjoins  that  a 
countervailing  duty  of  nine  shillings  be  paid  upon  every 
gallon  of  proof  strength,  and  of  the  quality  of  plain 
British  spirit,  that  enters  England  or  Scotland ; and  of 
seven  shillings  and  twopence  per  proof  gallon  upon 
what  is  brought  into  Ireland. 

By  an  Act  passed  in  1855,  the  duties  on  spirits  in 
England  and  Scotland  are  equalized ; and  the  counter- 
vailing duty  on  spirit  imported  from  Ireland  into  Eng- 
land or  Scotland  was  regulated  as  follows ; — 


Articles  enuraeratecL 
For  every  gallon  thereof  removed. 


Ether,- 

Sweet  spirit  of  nitre, 

Camphorated  spirit, 

Lavender  water,  and  other  perfumes, 
being  spirits  scented  with  essential 
oils,  flowers,  and  other  ingredients, . . . 

Compound  spirit  of  lavender, 

Spirit  of  rosemary, 

Spirit  of  ammonia, . 

Sal  volatile, 

Friars’  balsam, ; . . . . 

Compound  tincture  of  benzoin, 

Tinctures  of  asafoetida,  castor,  kino, 

guaiacum,  myrrh,  and  ginger, 

Spirit  vaniishes, 

Other  tinctures  and  medicated  spirits, .... 
Made  wines, 


Countervailing  Duties 
U'om  Ireland 


England  or  Scotland. 


£ s.  d. 
0 4 7 


0 2 0 


0 1 10 
0 0 2| 


An  important  feature  in  the  Act  of  1853  was  the 
redress  of  a grievance  under  which  the  distiller  labored, 
from  being  required  to  pay  the  full  amount  of  duty  on 
bonded  spirit,  without  any  allowance  being  made  for 
the  waste  by  evaporation.  When  liquors  remained 
for  a long  time  in  store,  this  loss  amounted  to  some- 
thing considerable,  and  for  which  the  owner  had  to 
pay  the  same  duty  as  for  the  original  quantity  of 
spirit.  A drawback  ot  a quarter  of  a gallon  is  now 
allowed  for  every  hundred  gallons  of  spirit  remaining 
in  bond  for  seven  days ; and  for  longer  periods,  as 
follows : — 


Year  endiDgdth  Jan. 

Englaml. 

Scotland. 

Irelaucl. 

Total. 

1846  .... 

. 94  ... 

. 174  .. 

..  100  .... 

377 

1847  .... 

..  93  ... 

176  .. 

..  93  .... 

367 

1848  .... 

. 90  ... 

. 169  .. 

..  90  .... 

355 

1849  .... 

. 85  . .. . 

. 168  .. 

..  89  .... 

342 

1850  .... 

. 86  ... 

164  .. 

..  87  .... 

337 

1851  .... 

. 86  ... 

. 166  .. 

..  88  .... 

340 

1852  .... 

. 85  ... 

. 159  .. 

..  80  .... 

324 

1853  .... 

. 88  ... 

. 149  .. 

..  72  .... 

309 

1854  .... 

. 89  ... 

. 145  .. 

..  71  .... 

305 

For  a period  over  7 days,  and  under  14  days,  4 a gallon. 


14 

1 month, 

2 “ 

3 “ 

6 “ 

9 “ 


1 month, 

2 
3 
6 
9 

12 


1 

14 

2i 


Above  this  time  an  additional  allowance  of  three-fourths 
of  a gallon  is  made  for  every  six  months,  or  multiple 
thereof  up  to  five  years,  duiing  which  the  above  quan- 
tity of  spirit  may  be  warehoused. 

The  number  of  distillers  and  rectifiers  in  the  United 
Kingdom,  during  the  series  of  years,  from  1846  to 
1854,  both  inclusive,  is  shown  in  the  following 
table : — 


The  licence  duty  for  these  distilleries  during  the 
same  period,  in — 


England. 


1846, 

£987 

0 

0 

£1921 

10 

0 

£1050 

0 

0 

£3958 

10 

0 

1847, 

..976 

10 

0 

. . 1900 

10 

0 , 

. . 976 

10 

0 . 

. 3853 

10 

0 

1848, 

. .945 

0 

0 , 

. . 1837 

10 

0 . 

. . 1008 

0 

0 . 

. . 3790 

10 

0 

1849, 

..892 

10 

0 

. . 1827 

0 

0 

. . 934  10 

0 , 

. . 3654 

0 

0 

1850, 

. .903 

0 

0 

. . 17.53 

10 

0 , 

..  913 

10 

0 , 

. . 3570 

0 

0 

1851, 

..903 

0 

0 

. . 1743 

0 

0 , 

. . 924 

0 

0 , 

. . 3570 

0 

0 

1852, 

..892 

10 

0 

. . 1669 

10 

0 , 

. . 840 

0 

O'. 

. . 3402 

0 

0 

1853, 

..924 

0 

0 

. . 1564 

10 

0 

. . 756 

0 

0 

. . 3244 

10 

0 

1854, 

..934 

10 

0 

. . 1522 

10 

0 , 

..  745 

10 

0 , 

. . 3202 

10 

0 

The  revenue  arising  from  home-made  spirits  in  the 
preceding  years : — 


England. 

1846.. ...  £3,595,315 

1847,  3,293,589 

1848,  3,373,525 

1849,  3,546,023 

1850,  3,654,842 

1851.. .  ..  3,758,185 

1852,  3,846,404 

1853,  4,0.53,870 

1854,  4,26.5,097 


Scotland. 

£1,278,766 
1,135,428 
. 1,200,501 
. 1,271,417 
. 1,305,880 
. 1,252,296 
. 1,314,869 
. 1,433,400 
. 1,806,934 


Ireland. 

£1,060,276 
. 804,984 

. 943,057 

. 929,777 

. 987,744 

. 1,006,735 
. 1,094,434 
. 1,273,151 
. 1,588,745 


TolaL 

£5,934,359 
. 5,234,003 
. 5,517,084 
. 5,747,218 
. 5,948,407 
. 6,017,218 
. 6,255,708 
. 6,760,421 
. 7,660,776 


In  comparing  the  indications  of  the  preceding  three 
tables,  it  will  be  observed  from  the  first  that  the  total 
number  of  distillers  and  rectifiers  in  the  United  King- 
dom, which,  in  1846,  amounted  to  three  hundred  and 
seventy-seven,  was  only  three  hundred  and  five  in 
1854,  exhibiting  therefore  a decrease  of  seventy-three 
— equivalent  to  nineteen  per  cent. — during  nine  years. 
In  Ireland,  the  decrease  was  twenty-nine  per  cent.,  in 
Scotland  sixteen  per  cent.,  and  in  England  only  five 
per  cent.  At  the  same  time  it  appears  from  the  last 
table,  that  while  the  number  of  the  rectifiers  and  dis- 
tillers was  diminishing  to  that  amount,  the  total  revenue 
derived  from  home-made  spirits  during  the  same  period 
was  steadily  increasing,  showing  that  while  the  estab- 
lishments were  being  reduced  in  number,  they  were 
greatly  extending  in  magnitude. 

Exclusive  of  rectifiers,  the  number  of  distillers 
licensed  in  1855-56,  in  the  three  kingdoms,  was  as 
follows: — England,  11;  Scotland,  134;  Ireland,  39. 
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ALCOHOL Statistics. 


The  following  table  exhibits  a return  of  the  quantity 
of  spirit  distilled,  and  the  quantity  charged  with  duty 
for  home  consumption  in  the  United  Kingdom,  from 


1800  to  1854,  both  inclusive,  distinguishing  the  quanti- 
ties so  distilled  and  consumed  in  England,  Scotland, 
and  Ireland  respectively ; — 


Number  of  imperial  gallons  of  spirit  distilled  in 


Number  of  imperial  gallons  of  spirit  charged  with  duty  for 
consumption  in 


Years. 


England. 

Scotland. 

Ireland. 

United  Kingdom. 

England. 

Scotland. 

Ireland. 

United  Kingdom. 

1800 

4,352,788 

1,277,696 

TThere  are  no  records  from  which') 

4,352,888 

1,277,596 

1,330,500 

6,960,984 

1801 

2,478,289 

295,931 

J be  fumUhed. 

2,555,920 

295,931 

355,106 

3,206,957 

1802 

3,384,742 

1,344,835 

4,475,458 

9,205,035'^ 

3,981,072 

1,158,558 

4,715,098 

9,854,728 

1803 

4,184,034 

2,247,000 

4,^95,109 

11,226,143 

5,370,377 

2,022,409 

4,343,095 

11,735,881 

1804 

2,586,586 

2,478,003 

4,205,830 

9,270,419 

3,690,745 

1,889,757 

3,543,599 

9,124,101 

1805 

2,869,520 

2,617,508 

4,611,734 

10,098,762 

4,932,645 

1,625,987 

3,686,233 

10,244,865 

1806 

2,425,007 

2,788,274 

4,059,914 

9,273,195 

4,094,985 

1,812,237 

3,858,107 

9,765,329 

1807 

3,581,043 

3,397,204 

5,305,632 

12,283,879 

4,747,365 

2,653,478 

5,597,204 

12,998,047 

1808 

3,847,127 

3,589,435 

4,524,475 

11,961,037 

5,390,884 

2,683,342 

3,575,430 

11,649,666 

1809 

3,307,039 

2,610,512 

1,288,758 

7,206,309 

4,035,825 

1,315,135 

1,360,386 

6,711,346 

1810 

3,898,966 

2,171,513 

4,301,026 

10,371,505 

4,787,555 

1,748,140 

4,728,522 

11,264,217 

1811 

4,116,833 

2,859,861 

6,187,779 

13,164,473 

4,776,330 

1,951,092 

6,378,479 

13,105,901 

1812 

3,938,793 

3,001,677 

4,053,600 

10,994,070 

5,242,470 

1,687,905 

4,009,301 

10,939,676 

1813 

3,859,095 

1,842,817 

3,595,030 

9,296,942 

4,292,477 

1,234,291 

3,158,693 

8,685,461 

1814 

3,670,714 

2,988,323 

5,947,658 

12,606,695 

4,959,965 

1,474,187 

5,393,713 

11,824,865 

1815 

3,402,489 

3,024,430 

4,468,106 

10,895,025 

5,468,987 

1,591,148 

4,323,844 

11,383,979 

1816 

3,486,478 

2,145,366 

4,562,286 

10,194,130 

4,745,484 

918,859 

3,557,200 

9,221,543 

1817 

2,907,732 

3,060,499 

2,692,182 

8,660,413 

4,133,063 

1,906,950 

3,586,932 

9,626,945 

1818 

3,782,512 

3,062,820 

4,474,777 

11,320,109 

5,259,662 

2,066,988 

4,284,347 

11,610,997 

1819 

2,815,716 

3,547,199 

3,879,216 

10,242,131 

4,146,505 

2,125,150 

3,676,516 

9,948,171 

1820 

2,8^6,684 

3,278,129 

4,607,296 

10,752,109 

4,284,798 

1,863,987 

3,299,650 

9,448,435 

1821 

2,662,852 

3,216,858 

3,627,552 

9,507,262 

4,125,616 

2,385,495 

3,311,462 

9,822,573 

1822 

3,181,026 

3,337,850 

4,135,045 

10,653,921 

4,694,055 

2,225,124 

2,910,483 

9,829,662 

1823 

2,134,913 

3,083,515 

2,844,677 

8,063,105 

3,803,312 

2,303,286 

3,590,376 

9,696,974 

1824 

2,894,309 

5,908,373 

6,361,248 

15,163,930 

4,392,611 

4,350,301 

6,690,315 

15,433,227 

1825 

2,039,771 

8,224,807 

8,835,027 

19,099,605 

3,684,049 

5,981,549 

9,262,744 

18,928,342 

1826 

3,209,044 

8,563,994 

9,046,959 

20,819,997 

7,407,204 

3,988,788 

6,834,867 

18,230,859 

1827 

3,451,620 

7,243,819 

7,283,317 

17,978,756 

6,671,562 

4,752,199 

8,260,664 

19,684,425 

1828 

3,974,785 

10,117,047 

9,725,259 

23,817,091 

7,759,687 

5,716,180 

9,937,903 

23,413,770 

1829 

3,860,542 

9,649,070 

9,208,538 

22,718,150 

7,700,766 

5,777,280 

9,212,224 

22,690,270 

1830 

4,656,443 

9,883,413 

8,694,742 

23,234,598 

7,732,101 

6,007,631 

9,004,539 

22,744,271 

1831 

3,444,792 

9,510,268 

8,786,341 

21,741,401 

7,434,047 

5,700,689 

8,710,672 

21,845,408 

1832 

3,788,068 

7,979,088 

9,260,920 

21,028,076 

7,281,900 

5,407,097 

8,657,756 

21,346,753 

1833 

4,591,223 

9,146,889 

9,509,774 

23,247,886 

7,717,303 

5,988,556 

8,168,596 

21,874,455 

1834 

4,652,838 

9,193,091 

9,370,343 

23,216,272 

7,644,301 

6,045,043 

9,708,416 

23,397,760 

1835 

4,327,425 

9,133,449 

11,167,580 

24,628,454 

7,315,053 

6,013,932 

11,381,223 

24,710,208 

1836 

5,088,340 

10,222,650 

11,894,169 

27,205,159 

7,875,702 

6,620,826 

12,248,772 

26,745,300 

1837 

4,614,196 

9,012,485 

10,980,910 

24,607,591 

7,133,869 

6,124,035 

11,235,635 

24,493,539 

1838 

5,776,411 

9,047,199 

11,064,820 

25,888,430 

7,930,490 

6,259,711 

12,296,342 

26,486,543 

1839 

5,685,698 

9,871,653 

10,254,591 

25,811,942 

8,186,552 

6,188,582 

10,815,709 

25,190,843 

1840 

5,918,435 

8,821,530 

7,281,429 

22,021,394 

8,278,148 

6,180,138 

7,401,051 

21,859,337 

1841 

5,919,207 

8,504,333 

6,359,124 

20,782,664 

8,166,985 

5,989,905 

6,485,443 

20,642,333 

1842 

6,008,456 

7,658,985 

5,315,090 

18,982,531 

7,956,054 

5,595,186 

5,290,6.50 

18,841,890 

1843 

5,800,509 

7,650,272 

5,550,706 

19,001,487 

7,724,051 

5,593,798 

.5,546,483 

18,864,332 

1844 

5,433,843 

8,321,306 

6,878,243 

20,633,392 

8,234,440 

5,922,948 

6,451,137 

20,608,525 

1845 

5,866,593 

9,418,663 

8,397,459 

23,682,715 

9,076,381 

6,441,011 

7,605,196 

23,122,588 

1846 

5,624,868 

9,735,303 

8,658,879 

24,019,050 

9,179,530 

6,975,091 

7,952,076 

24,106,697 

1847 

5,356,794 

8,542,219 

5,737,687 

19,636,700 

8,409,165 

6,193,249 

6,037,383 

20,639,797 

1848 

5,503,238 

9,600,321 

8,126,507 

23,230,066 

8,581,327 

6,548,190 

7,072,933 

22,202,450 

1849 

5,573,411 

10,846,634 

8,355,083 

24,775,128 

9,053,676 

6,935,003 

6,973,333 

22,962,012 

1850 

5,913,424 

11,638,429 

8,293,034 

25,844,887 

9,331,512 

7,122,987 

7,408,086 

23,862,585 

1851 

6,127,181 

10,380,972 

8,035,504 

24,543,657 

9,595,368 

6,830,710 

7,550,518 

23,976,596 

1852 

6,363,276 

9,942,218 

8,117,708 

24,423,202 

9,820,608 

7,172,015 

8,208,256 

25,200,879 

1853 

7,308,670 

10,3.59,926 

8,772,961 

26,441,557 

10,350,307 

6,534,648 

8,136,362 

25,001,317 

1854 

6,831,664 

9,862,318 

8,259,930 

25,003,912 

10,889,611 

6,553,239 

8,440,734 

25,883,.584 

It  will  be  observed  by  consulting  the  foregoing  table, 
based  upon  parliamentary  returns,  that  the  spirit  dis- 
tilled in  England  in  the  early  part  of  this  century,  was 
equal  to  that  of  Ireland,  and  greater  than  the  total  pro- 
duce of  Scotland.  Coming  down  to  later  years,  how- 
ever, a very  remarkable  difference  is  apparent  between 
the  quantities  afforded  by  the  three  nations,  particularly 
as  regards  Scotland  and  England,  for  in  1850  there 
was  nearly  double  the  number  of  gallons  distilled  in 
the  former,  as  in  the  latter  country.  It  is  obvious  that 
this  apparent  anomaly  is  to  be  attributed  to  the 
fact,  that  in  Scotland  and  Ireland  the  revenue  re- 
turns embraced  but  a small  proportion  of  the  spirit 
actually  distilled  in  1800,  and  few  succeeding  years,  as 


the  business  was  at  that  time  chiefly  conducted  by 
smugglers  or  illicit  distillers. 

Selecting,  as  an  average  example,  the  year  1852,  the 
following  are  the  relative  proportions  of  spirit  exti'acted 
from  the  difl'erent  ingredients  used : — 


England. 

Scotland. 

Ireland. 

gallons. 

gallons. 

gallons. 

From  malt  only, — 

..5,276,266.. 

. . 10,056 

From  a mixture  of  malt  1 g Qgg 

with  unmalted  grain,  J ’ ’ 

..2,363,259.. 

..7,841,915 

From  a mixture  of  sugar  i 

and  molasses  with  uu-  >1,208,207 . . 

..2,295,901.. 

..  265,737 

malted  grain, _) 

From  molasses, — 

6,792.. 

. . 

6,363,276 

9,942,218 

8,117,708 

ALUM. 
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Spirit  made  in  Scotland  from  malt  only  is  entitled  to 
an  abatement  of  sevenpence-halfpenny  per  gallon,  and 
5 per  cent,  when  exported,  used  as  ship  stores,  or  when 
removed  to  a warehouse  in  England  or  Ireland.  A 
like  drawback  is  allowed  to  distillers  in  England  and 
Ireland,  provided  they  work  under  the  same  regulations 
as  Scotch  distillers,  and  when  they  warehouse  specifi- 
cally for  exportation,  or  for  ships’  stores. 

To  complete  the  statistics  of  the  spirit  trade,  it  only 
remains  to  annex  a return  of  the  quantity  of  foreign 
and  colonial  spirits  of  aU  sorts  entered  for  home  con- 
sumption in  the  United  Kingdom,  in  each  year,  from 
1800  to  1854,  both  inclusive;  distinguishing,  in  this 
case  also,  the  quantities  consumed  in  England,  Scot- 
land, and  Ireland  respectively. 


Number  of  imperial  gallons,  including  over-proof,  of  foreign  and 
colonial  spirits  entered  for  home  consumption  in 


Years. 

England. 

Scotland. 

Ireland. 

United  Kingdom. 

1800 

3,641,684 

3.54,010 

1,034,823 

5,030,517 

1801 

3,595,063 

634,559 

1,364,261 

5,593,883 

1802 

4,187,687 

824,320 

729,635 

5,741,642 

1803 

4,677,921 

577,703 

296,259 

6,551,883 

1804 

2,817,014 

155,296 

202,879 

3,175,189 

1805 

3,283,811 

225,376 

148,724 

3,657,911 

1806 

3,789,704 

289,589 

183,483 

4,262,776 

1807 

3,704,665 

355,354 

228,589 

4,288,608 

1808 

4,357,886 

355,025 

378,359 

5,091,270 

1809 

3,200,917 

325,876 

1,13-2,816 

4,659,609 

1810 

4,421,249 

401,408 

358,741 

5,181,398 

1811 

3,766,977 

353,163 

154,547 

4,274,687 

1812 

3,380,996 

298,451 

291,415 

3,970,862 

1813 

3,278,766 

246,808 

474,489 

4,000,063 

1814 

3,948,581 

313,994 

104,392 

4,366,967 

1815 

3,759,409 

322,606 

74,439 

4,156,454 

1816 

2,950,113 

218,329 

28,123 

3,196,565 

1817 

2,883,443 

233,682 

36,734 

3,153,859 

1818 

3,017,535 

237,519 

30,630 

3,285,684 

1819 

3,242,207 

186,886 

35,939 

3,465,032 

1820 

3,241,898 

174,764 

29,798 

3,446,460 

1821 

3,135,915 

172,790 

29,010 

3,337,715 

1822 

3,155,465 

166,618 

25,260 

3,347,343 

1823 

3,354,022 

142,859 

43,457 

3,540,338 

1824 

3,675,816 

182,696 

10,805 

3,869,317 

1825 

3,329,289 

161,306 

14,678 

3,505,273 

1826 

5,480,283 

337,597 

37,210 

5,855,090 

1827 

4,401,373 

227,970 

32,419 

4,661,762 

1828 

4,390,007 

233,838 

34,487 

4,658,332 

1829 

4,477,214 

195,689 

31,636 

4,704,539 

1830 

4,770,541 

175,486 

29,701 

4,975,728 

1831 

4,697,882 

165,446 

29,467 

4,892,795 

1832 

4,932,337 

181,262 

57,845 

5,171,444 

1833 

4,664,785 

171,053 

44,150 

4,879,988 

1834 

4,554,086 

155,917 

55,346 

4,765,349 

1835 

4,571,580 

146,178 

47,948 

4,765,706 

1836 

4,425,543 

146,785 

44,692 

4,617,020 

1837 

4,264,146 

120,940 

39,379 

4,424,465 

1838 

4,205,742 

124,544 

37,939 

4,368,225 

1839 

3,877,374 

115,243 

32,800 

4,025,417 

1840 

3,520,199 

91,358 

26,853 

3,644,410 

1841 

3,344,922 

88,814 

30,338 

3,464,074 

1842 

3,099,542 

71,927 

29,546 

3,201,015 

1843 

3,061,699 

71,820 

28,438 

3,161,957 

1844 

3,134,350 

78,142 

30,114 

3,242,606 

1845 

3,431,614 

84,478 

33,797 

3,549,889 

1846 

4,087,608 

114,678 

43,044 

4,245,330 

1847 

4,237,406 

455,441 

210,206 

4,903,053 

1848 

4,103,156 

322,543 

209,664 

4,6.35,363 

1849 

4,644,811 

368,638 

255,476 

5,268,925 

18.50 

4,302,513 

289,200 

213,463 

4,805,176 

1851 

4,320,946 

260,184 

202,498 

4,783,628 

1852 

4,389,414 

265,447 

211,397 

4,866,258 

1853 

4,670,051 

260,880 

211,685 

5,142,616 

1854 

4,699,862 

255,580 

172,701 

5,128,143 

It  will  be  observed  that  there  is  little  variation 
in  the  total  amount  for  the  three  kingdoms,  but  that 
tlie  quantities  consumed  in  Scotland,  and  more  es- 


pecially in  Ireland,  have  been  subject  to  great  fluctua- 
tions. 

It  is  calculated  that,  in  addition  to  24,000,000  gallons 
of  home-made  spirit  annually  consumed  in  the  United 
Kingdom,  there  are  4,000,000  gallons  of  brandy,  rum, 
and  geneva.  In  the  year  ending  January  5,  1853,  the 
quantity  of  British  spirit  exported  was  323,719  gallons, 
of  which  161,532  were  sent  to  British  colonies  and  pos- 
sessions, and  162.187  gallons  to  foreign  countries.  Of 
the  British  possessions,  the  smallest  customer  was  the 
island  of  Mauritius,  which  only  took  5 gallons.  The 
largest  quantity  was  taken  by  the  Australian  settle- 
ments, videlicet,  125,667  gallons.  Of  foreign  countries, 
Russia,  Sweden,  Denmark,  Prussia,  Holland,  Belgium, 
France,  Portugal,  and  Morocco,  took  each  less  than 
100  gallons.  The  foreign  West  Indies  are  the  best 
customers,  taking  156,360  gallons.  It  is  very  probable 
that  Austraha  will  soon  become  the  best  market  for 
home-made  spirit. 

In  conclusion,  the  Editor  must  express  his  satisfaction 
at  the  equalization  of  the  duties  on  spirits,  as  regards 
England  and  Scotland — a step  which  was  not  only  wise 
in  itself,  as  tending  to  assimilate  still  further  the  condi- 
tion of  the  two  countries,  but  likewise  by  removing  an 
inducement  to  the  practice  of  smuggling,  which,  although 
sometimes  regarded  with  leniency,  is  most  demoralizing 
in  its  tendency,  and  ought  to  be  universally  reprobated. 

ALUM.— French;  Alaun,  German;  Alumen, 
Latin.  Alum-works  existed  many  centuries  ago  at 
Eoha,  or  Roccha,  in  Mesopotamia,  whence  the  old 
name  of  Roch  alum  is  applied  to  tliis  salt.  This  is  the 
opinion  of  Leibnitz,  who  states  that  alumen  roccce 
was  that  kind  first  procured  from  Rocca,  and  that  the 
name  was  subsequently  given  to  every  good  species  of 
alum.  A few  are  of  opinion  that  alum  obtained  from 
alum-stone  has  been  so  called  to  distinguish  it  from 
the  alum  from  schists — schist  was  employed  for  making 
alum  in  the  time  of  Agricola — which  usually  contains 
more  iron  than  the  former ; and  others  assert  that  alum 
acquired  the  name  rocca,  from  the  aluminous  rocks  of 
Tolfa. 

At  a later  date,  alum  was  manufactured  near  Smyr- 
na, and  in  the  fifteenth  century  there  were  almn  fac- 
tories in  the  vicinity  of  Constantinople,  where  John 
Di  Castro  learned  his  art,  as  will  be  hereafter  noticed. 

The  inhabitants  of  Genoa,  and  other  commercial 
people  of  Italy,  imported  alum  from  the  above  places 
into  Western  Europe  for  the  use  of  the  dyers  of  red 
cloth.  The  stypteria  of  Dioscorides  and  the  alumen 
of  Pliny  included,  apparently,  a variety  of  sahne  mat- 
ters, of  which  sulphate  of  iron — green  vitriol — as  well 
as  alumina,  was  probably  a constituent  part.  From 
the  researches  of  Professor  Beckmann,  it  appears  that 
alum  was  discovered  by  the  Asiatics ; but  at  what 
period,  or  by  what  means  the  discovery  was  made, 
is  altogether  unknown.  This  salt  affords  a striking 
instance  of  how  readily  one  may  be  deceived  in  giving 
names  without  proper  examination.  Alum,  as  now 
made,  adds  Beckmann,  was  certainly  not  known  to 
the  Greeks  or  the  Romans ; and  what  the  latter  called 
alumen,  was  green  vitriol — sulphate  of  iron — not,  how- 
ever, pure,  but  such  as  forms  in  mines.  To  those  who 
kncrtv  how  deficient  the  ancients  were  in  the  knowledge 


ALUM Natural. 
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of  salts,  and  of  mineralogy  in  general,  this  assertion 
will  appear  highly  probable.  Pereira  remarks  that 
Geber,  who  is  supposed  to  have  hved  in  the  eighth 
century,  was  conversant  with  alum,  and  described  the 
method  of  burning  it;  and  it  is  probable  that  even 
Pliny  was  acquainted  with  it.  It  would  seem,  how- 
ever, that  he  confounded  alum  with  sulphate  of  iron, 
or  a very  impure  compound,  for,  when  speaking  of  some 
substance  resembling  plumose  alum,  he  says  it  gave 
with  the  juice  of  the  pomegranate  a black  color,  at  once 
a proof  that  the  sulphate  of  iron  was  not  separated  from 
it.  Alum  and  green  vitriol  are  salts  having  some  re- 
semblance; they  contain  the  same  acid — sulphuric — 
have  strong  styptic  properties ; and  ai-e  not  only  found 
collaterally,  hut  frequently  form  efflorescences  on  the 
same  minerals. 

Name. 

Potassa  alum, 

Soda  alum, 

Lithia  alum, 

Ammonia  alum, 

Manganous-magnesia  alum, 

Ferrous  alum, 

Ferric-potassa  alum. 

Ferric-ammonia  alum. 

Manganic  alum, 

Chromic  alum. 

It  thus  appears  that  the  term  alum  is  applied  scienti- 
fically and  collectively  to  a great  number  of  double 
salts,  composed  of  very  different  proximate  elements, 
arranged,  however,  in  the  same  manner;  that  alums  are 
sometimes  formed,  in  which  the  acid  is  sulphuric — 
SO3;  in  other  varieties  chromic — CrOg;  some  con- 
taining potassa — K 0 ; others  soda — Na  0,  and  others 
again  oxide  of  ammonium — N 0 ; and  as  the  second 

base,  either  sesquioxide  of  iron — FOgOg,  sesqui oxide  of 
aluminum — Al^Og,  or  sesquioxide  of  chromium — Cr^Og. 
These  different  bases  and  acids  possess  the  power  of 
replacing  each  other  in  variable  proportions,  or  several 
of  them  may  take  part  in  the  formation  of  one  and  the 
same  crystal  of  alum,  but  in  every  case  the  alum  will 
contain  twenty-four  equivalents  of  water. 

Mangano-magnesian  alum,  and  ferrous  alum,  are  not 
of  the  regular  crystalline  form  of  the  others,  and,  there- 
fore, are  not  to  be  viewed  as  true  alums,  though  their 
analogous  composition  to  the  other  alums  is  the  reason 
why  they  have  been  classed  here.  The  name  alum  is 
applied,  conformably  with  the  preceding  feature  of  tire 
class,  to  all  compound  salts  whose  formula  is  K 0,  S Og 
+ KgOg  3 S O3  4-  24  aq.,  the  letter  R being  indicative 
of  any  metal. 

Alum,  like  saltpetre  and  carbonate  of  soda,  occurs 


By  alum  is  universally  understood  a double  sulphate 
of  alumina  and  potassa,  which  was  the  first  known  and 
used  in  the  arts ; modem  science  has  discovered,  how- 
ever, that  this  compound  does  not  exclusively  engross  the 
term,  but  that  the  latter  is  equally  applicable  to  a series 
of  bodies  in  which  either  the  sesquisulphate  of  alumina, 
or  sulphate  of  potassa,  or  both,  are  replaced  by  other 
sulphates  of  similar  atomic  composition.  Notwithstand- 
ing that  the  whole  mineral  portion  of  the  double  salt  is 
changed,  yet  every  one  of  the  class  assumes  the  same 
crystalline  form,  and  is  associated  with  the  same  num- 
ber of  atoms  of  crystalline  water.  To  this  peculiarity 
of  different  bodies  assuming  the  same  external  ap- 
pearance when  their  atomic  constitution  is  analogous, 
the  term  isomorphism  has  been  applied.  These  alums 
are — 

Formula# 

K 0,  S O3  -f  AI2  O3,  3 S O3  -)-  24  aq. 

Na  0,  S O3  -j-  Alg  O3,  3 S O3  -|-  24  aq. 

Li  0,  S O3  -f  AI2  O3,  3 S O3  -f  24  aq. 

N H4  0,  S O3  -f  AI2  O3,  3 S O3  -t-  24  aq. 

Mg  0 ^ ® "^2  O31  3 S O3  -j-  24  aq. 

Fe  0,  S O3  -}-  AI2  O3,  3 S O3  -f  24  aq. 

K 0,  S O3  -j-  Fb2  O3,  3 S O3  -p  24  aq. 

N H4  0,  S O3  -f-  Feg  O3,  3 S O3  -p  24  aq. 

K O,  S O3  -p  Mug  O3,  3 S O3  -p  24  aq. 

K 0,  S O3  -P  Cfg  O3,  3 S O3  -p  24  aq. 

native,  as  an  effloresced  salt  in  volcanic  districts,  in  the 
form  of  a white  floccular  covering,  produced  by  the 
action  of  sulphuric  acid  vapors  upon  lava  and  trachyte 
— substances  containing  alumina  and  potassa — in  a 
similar  manner  to  that  by  which  artificial  alum  is  ob- 
tained. In  this  form  it  occurs  in  Auvergne,  in  the 
South  of  France,  in  Sicily,  and  the  volcanic  islands  on 
its  Northern  coast,  but  more  particularly  in  the  neigh- 
borhood of  Naples,  in  the  Grotta  di  Alume — on  Capo 
Miseno — and  in  the  Solfatara. 

The  effloresced  salt  is  collected  in  these  localities, 
dissolved  in  water,  and  allowed  to  deposit  the  insoluble 
matters  by  standing.  The  clear  solution  affords  on 
evaporation  an  impure  alum,  which  is  re-crystallized, 
and  brought  into  commerce  as  a very  pure  product. 
No  fuel  is  used  for  the  evaporation  but  the  natural 
volcanic  heat  of  the  soil,  rising  to  104°  Fahr.,  in  which 
the  leaden  pans  are  embedded.  Native  alum  forms, 
however,  a very  small  portion  of  that  which  is  con- 
sumed in  Europe.  Dr.  Dieffenbach,  in  his  accoimt  of 
a voyage  to  New  Zealand,  makes  mention  of  a remark- 
able lake,  the  water  of  which  contained  alum  in  solu- 
tion. 

The  following  is  the  composition  of  some  of  these 
natural  alums : — 


Constituents. 

From  Rio 
S.olilanlia,  Andes. 

Soda  alum  fi*om  South  Americiu 

Ammonia  alum  from  Tschermig. 

Thomson. 

Thomson. 

Gnmer. 

Pfaff. 

Lampadius. 

Stromeyer. 

Sulphuric  acid, 

35-872 

37-7 

33-682 

36-00 

38-58 

36-065 

Alumiua, 

14-645 

12-4 

10-750 

12-14 

12-34 

11-602 

Soda, 

2-262 

7-5 









Silica,  

0-100 

— 









Lime, 

— 

— 



— 

— 



Protoxide  of  iron 

— 

— 

3-619 

— 

— 



Sesquioxide  of  iron, 

0-500 

— 

— 

0-20 

— 

0-115 

Ammonia, 

— 

— 

— 

6-58 

4-12 

3-721 

Water, 

46-375 

42-4 

51-000 

45-00 

44-96 

48-390 

99-754 

tOO-0 

99-051 

99-92 

100-00 

99-893 
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MANGANESE  AND  MAGNESIA  ALUMS. 


Constituents. 

Algoa  Bay, 
South  Africa. 

Bosjesmon's  River, 
South  Africa. 

Iqutquc, 
South  America. 

Apjohn. 

Stromeyer. 

Hayes. 

Sulphuric  acid, 

32-79 

36-770 

36-332 

Alumina, 

10-65 

11-515 

12-130 

Magnesia, 

— 

3-690 

4-682 

Protoxide  of  manganese, 

7-33 

2-617 

1 0-430 
0-126 

Protoxide  of  iron, 

Lime^ 

— 

— 

Sulphate  of  magnesia,.. 

1-08 



(Jhloride  of  potassium,.. 

— 

0-205 

— 

Hydrochloric  acid, .... 

— 

— 

0-604 

Water, 

48-15 

45-739 

45-450 

100-00 

100-536 

99-754 

Drs.  Richardson  and  Ronalds  consider  the  alums 
analysed  by  Apjohn  and  Stkomeyer,  identical;  they 


cannot  he  looked  upon  as  chemical  compounds,  as  no 
two  analyses  agree,  and  in  situ  they  are  much  mixed 
with  efflorescent  salts.  The  manganese  alum  is  used 
by  the  natives  for  dressing  skins. 

In  the  following  table  is  a number  of  analyses  of  various 
specimens  of  iron  alum — ferrous  alum  of  the  formula 
FeO  SO3,  Alj  O3  3 S O3.  -f-  24  aq.  above  mentioned — 
found  in  different  localities.  These  kinds  of  natural  alums 
are  more  abundant  in  coal  mines,  where  iron  pyrites 
and  shale  are  superposed  on  the  coals,  and  are  often  very 
regularly  and  beautifully  crystallized.  They  are  not, 
indeed,  sufficiently  pure  to  agree  exactly  with  the  fore- 
going formula,  some  of  them  containing  potash,  soda, 
magnesia,  sand,  or  one  or  more  of  these  substances,  hut 
still  it  will  he  seen  from  the  table  that  their  character- 
istic composition  is  nearly  expressed  by  it : — 
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Constituenis. 

Unknown. 

Hurlet 

Morsfeld. 

Iceland 

Puzzuoli. 

Hurlet 

Berthier. 

Phillips. 

Rammelsberg. 

Forcbhammer. 

Dufuroy. 

Alich. 

34-4 

30*9 

36-025 

' 35-16 

45-67 

48-32 

35-950 

12  0 

20-7 

9-367 

4-57 

28-69 

11-60 

1-23 

17-65 

18-236 

8*8 

5-2 

10-914 

11-22 

3-27 

2-20 

0-434 

5-47 

4-04 



0-25 

0-8 

0-235 

2-19 



0-46 



Impurities, 3*500 

44-0 

43-2 

43-025 

45-63 

15-77 

15-94 

...‘ '. 38-661 

100-0 

100-0 

100-000 

100-00 

99-33 

100-00 

100-000 

From  what  has  already  been  stated,  it  will  he  seen 
that  alums,  of  whatever  elements  they  may  be  composed, 
are  not  merely  a combination  of  sulphuric  acid  and 
alumina — Al^  O3  3 S O3 — but  have  in  addition  another 
sulphate,  either  of  potassa,  soda,  or  ammonia.  The 
alum  of  this  country  usually  contains  potassa;  that  of 
France,  ammonia,  or  potassa  and  ammonia — hence 
tlie  name  potassa-almn,  ammonia-alum,  soda-alum. 
The  Greeks  or  Romans  mention  no  other  than  natural 
alum;  hut  alum  is  rarely  produced  spontaneously  in  the 
earth,  and  many  most  accurate  mineralogists  deny  even 
the  existence  of  native  alum.  Although  it  is  not  found 
in  abundance,  still  there  can  he  no  question  as  to  its 
occasional  occurrence  as  an  efflorescence  of  stones, 
and  in  certain  mineral  waters.  Crystals  of  real  alum 
are  occasionally  formed  in  minerals  abounding  in  an 
eminent  degree  with  aluminous  particles,  when  they 
have  been  exposed  a sufficient  time  to  the  air  and  rain ; 
but  even  then  they  are  so  small,  and  so  much  scattered, 
that  it  requires  a good  lens  and  an  expert  observer  to 
discover  them.  Basic  alum  exists  native  in  a stone 
near  Civita  Vecchia,  which  consists  of — 


Sulphate  of  potassa, 19-72 

Sulphate  of  alumina-basic, 61-99 

Water, 18-29 


100-00 

This  mineral,  when  treated  with  a sufficient  quantity  of 
sulphuric  acid  dissolves,  and  is  converted  into  the  crys- 
tallizable  alum  of  commerce. 

The  true  composition  of  alum  has  not  long  been  under- 
stood. Vauquelin  and  Chaptal  appear  to  have  been 
the  first  chemists  who  ascertained,  by  decisive  experi- 


ments, that  alum  was  composed  of  sulphuric  acid,  alu- 
mina, and  potassa,  ammonia,  or  soda,  united. 

The  celebrity  acquired  by  alum  among  the  ancients, 
as  a substance  extremely  useful  in  dyeing  and  medi- 
cine, was  entirely  forgotten  at  the  time  the  alum  of  the 
moderns  became  known ; but  it  was  again  revived 
when  it  was  discovered  that  real  alum  could  be  ex- 
tracted from  minera.s  ccmtaining  sulphur  compounds,  or 
that  where  the  latter  are  found  there  are  generally 
minerals  abounding  with  it.  In  many  of  these  places, 
alum-works  have,  in  the  course  of  time,  been  erected ; 
and,  as  Beckmann  ingeniously  remarks,  this  circum- 
stance has  served,  in  some  measure,  to  strengthen  the 
opinion  that  the  alum  of  the  ancients  and  of  the  mo- 
derns is  synonymous;  because,  where  the  former  was 
found,  the  latter  has  since  been  procured  by  a chemical 
process.  Some  historians  of  the  fifteenth  century  even 
speak  of  the  alum-works  as  if  the  manufacture  of  this 
salt  had  only  been  revived  in  Europe. 

Alum  owes  its  high  estimation  to  its  beneficial  use 
in  the  art  of  dyeing,  in  which  it  is  employed  as  a 
mordant.  The  Italians  procured  their  first  alum  from 
the  Levant,  along  with  other  materials;  but  when 
these  countries  were  taken  by  the  Turks,  it  grieved  the 
Christians  to  be  compelled  to  purchase  these  necessary 
materials  from  the  common  enemy.  In  due  time  the 
Italians  became  acquainted  with  the  art  of  boiling 
alum,  and  when  they  at  length  discovered  aluminous 
minerals  in  their  own  soil,  these  were  soon  brought  into 
use,  whieh  caused  the  Turks  to  abandon  many  of  their 
alum-works.  The  modem  alum  was,  in  the  beginning, 
distinguished  from  the  ancient  by  the  denomination  of 
rocca. 
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-History. 

Ducas  describes  very  minutely  the  alum-work  at 

creased  more  and  more,  and  he  instructed  his  menials  to 

Foya  Nova,  near  Smyrna;  but  that  work  has  been  long 

demand  exorbitant  prices  for  the  salt,  so  that  foreigners 

since  abandoned.  Drs.  Francis  and  Griffith  state, 

purchased  from  the  Spaniards  and  Turks.  The  ban 

that  in  Phocis,  lying  close  to  Ionia,  there  is  a moun- 

of  excommunication  was  threatened  in  case  any  one 

tain  rich  in  aluminous  mineral.  The  stones  found  at 

should  be  so  unchristian  as  to  purchase  alum  from 

the  summit  are  first  calcined  in  the  fire,  and  then 

the  infidels  , while  every  person  was  at  liberty  to 

reduced  to  powder  by  throwing  them  into  water.  The 

make  what  bargain  he  liked  with  the  Bishop  of  Rome 

moist  mass  is  put  into  a kettle,  a little  more  water 

for  this  commodity ! But  these  measures,  like  all 

added,  and  the  whole  having  been  made  to  boil,  the 

those  founded  on  the  simplicity  of  others,  could  not 

powder  is  lixiviated,  the  thick  part  which  falls  to  the 

long  be  endured;  as  soon  as  men  became  more  enlight- 

bottom  in  a cake  is  preserved,  and  the  hard  and 

ened,  they  saw  through  the  duplicity  of  the  head  of  the 

earthy  portions  are  discarded.  The  cake  is  afterwards 

Romish  Church,  and  discovered  the  selfishness  of  his 

allowed  to  dissolve  in  vessels  for  four  days,  at  the  end 

bulls.  Alum-works  soon  appeared  in  Germany,  and. 

of  which  the  alum  is  found  in  crystals  around  their 

in  1554,  at  Oberkaufungen,  in  Hesse,  a factory  was  in 

edges,  and  their  bottoms  are  also  covered  with  the  salt; 

full  operation.  In  England,  the  first  alum- work  was 

the  remaining  liquor  is  poured  into  a kettle,  diluted 

erected  at  Gishorough,  in  Yorkshire,  where  Sir  Thomas 

with  water,  and  more  powder  added,  then  boiled  as 

Chaloner  had  an  estate.  The  knight  engaged  work- 

before,  and  put  into  proper  vessels  to  crystallize.  The 

men  well  versed  in  the  Roman  alum  business,  because 

alum  obtained  in  this  manner  is  preserved  as  an  article 

there  was  no  one  in  England  who  then  imderstood  its 

very  necessary  for  dyers.  Captains  of  ships  bound 

fixcture.  It  is  said  that,  as  soon  as  the  Pontiff  heard 

from  the  Levant  to  Europe,  consider  alum  as  a very 

this,  he  endeavored  to  recall  the  renegades  by  threats 

convenient  and  useful  cargo  for  their  vessels. 

and  anathemas.  These,  however,  were  of  no  avail,  and 

The  alum- works  near  Civita  Vecchia  are,  by  Italian 

did  no  injury  to  the  heretics ; in  a short  time  the  manu- 

historians,  asserted  to  have  been  the  first  in  Europe — 

factory  was  most  flourishing,  and  several  more  of  the 

they  are  the  oldest  carried  on  at  present.  They  were 

same  kind  were  soon  after  established.  Pennant,  in 

founded  by  John  di  Castro,  who  has  been  already 

his  Scotch  Tour,  has  the  following: — The  alum -works 

mentioned  as  learning  the  process  near  Constanti- 

in  this  country  are  of  some  antiquity;  they  were  first 

nople.  He  was  there  at  the  time  the  superb  city  fell 

established  in  the  reign  of  Queen  Elizabeth,  by  Sir 

into  the  hands  of  the  Turks,  trading  in  Italian  cloths 

Thomas  Chaloner,  who,  observing  the  trees  tinged 

and  dye-stuffs ; after  this  he  returned  to  his  own  coun- 

with  an  imusual  color,  made  him  suspicious  of  its  being 

try,  and  having  found,  in  the  neighborhood  of  Tolfa,  a 

owing  to  some  mineral  in  the  neighborhood.  He 

plant  which  he  had  observed  growing  abimdantly  in 

ascertained  that  the  strata  abounded  with  an  aluminous 

the  aluminous  districts  of  Asia,  he  conjectured  that 

salt.  At  that  time  the  English,  being  strangers  to  the 

the  virgin  soil  might  also  contain  the  same  salt,  and  the 

method  of  managing  it,  there  is  a tradition  that  Sir 

astringency  of  its  taste  proved  he  was  correct.  On  this 

Thomas  was  obliged  to  seduce  some  workmen  from  the 

discovery,  factories  were  immediately  erected,  the  pro- 

Pope’s  alum-works,  then  the  greatest  in  Europe.  If 

duce  of  which  was  vended  to  the  Venetians,  the 

one  may  judge,  from  the  cmse  wliich  his  Holiness 

Florentines,  and  the  Genoese.  The  stones  were  first 

thundered  out  against  the  knight  and  his  fugitives,  he 

calcined,  a large  quantity  of  water  was  then  thrown 

certainly  was  not  a little  enraged;  for  he  cursed  with- 

over  them,  and  when  they  were  entirely  dissolved,  the 

out  varying  a tittle  from  that  most  comprehensive  of 

lie  was  boiled  in  great  leaden  caldrons ; after  which,  it 

imprecations  left  us  by  Ernulphus.  The  first  pits 

was  run  into  wooden  vats  and  allowed  to  evaporate  spon- 

were  near  Gishorough,  the  seat  of  the  Chaloners, 

taneously;  the  result  was  alum  of  the  most  perfect  kind. 

who  still  flourish  there,  notwithstanding  tlie  Bishop  of 

Pope  Pius  the  Second  employed  more  than  eight  him- 

Rome’s  interdictions. 

dred  persons  in  preparing  it.  Beckmann  continues — 

Before  entering  minutely  into  the  fabrication  of  alum. 

The  plant  which  first  induced  Castro  to  search  for 

it  will  be  proper  to  state  how  and  where  the  salt  is 

alum  was  the  prickly  evergi’een.  Ilex  aquifolium,  which 

obtained.  The  greater  portion  of  the  alum  in  this 

in  Italy  is  still  considered  as  an  indication  that  the 

country  is  manufactured  from  alum-slate — a bitumi- 

regions  where  it  thrives  abound  with  alum.  This  shrub. 

nous  schist  containing  sulphide  of  iron  diffused  in 

or  holly,  is,  however,  frequently  found  growing  where 

very  fine  particles  throughout  its  mass;  it  has  a bluish 

there  is  not  the  slightest  trace  of  this  salt. 

or  greenish-black  color,  and  eliminates  sulphurous 

It  appears,  from  all  that  can  be  learned,  that  the  art 

acid  when  burned,  acquiring  thereby  an  aluminous 

of  boiling  alum  was  first  understood  in  Italy,  but  not 

taste.  Many  of  the  alum-slates  crumble  to  pieces,  or 

previous  to  1548.  The  great  revenue  which  the  Apos- 

suffer  disintegration,  on  exposure  to  the  air ; tlieir  sul- 

tolic  Chamber  derived  from  alum  induced  many  to 

phur  becomes  gradually  converted  into  sulphuric  acid. 

seek  aluminous  minerals,  and  factories  were  built 

by  absorbing  oxygen  from  the  atmosphere,  while,  simul- 

wherever  such  were  found.  The  Pope,  however,  un- 

taneously,  the  iron  is  sesquioxidized,  and  having  in  , 

derstood  his  own  interest  so  well,  that  he  never  rested 

this  state  a very  feeble  affinity  for  the  sulphuric  acid. 

until  he  had  caused  all  the  works  erected  in  the  other 

parts  with  the  greater  portion  to  the  clay,  which  is 

territories  to  be  discontinued,  by  which  he  alone  re- 

thereby  converted  into  sesquisulphate  of  alumina,  and 

mained  master  of  the  prize.  Like  all  tyrants,  he  endea- 

this,  when  combined  with  sulphate  of  potassa,  con- 

vored,  by  every  possible  means,  to  prevent  foreigners 

stitutes  the  alum  of  commerce.  Alum  may  be  pre- 

acquiring  any  knowledge  of  the  art.  His  commerce  in- 

pared  by  decomposing  clay  with  sulphuric  acid;  the 
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decomposition  is  eifected  in  as  complete  a manner  by 
calcining  pure  clay,  grinding  the  adusted  mass  to  powder, 
and  mixing  it  with  about  half  a per  cent,  of  sulphmic 
acid.  This  mixture  is  then  to  be  heated  in  a furnace 
till  the  mass  becomes  very  thick ; afterwards  left  to  re- 
pose for  a month  or  more,  and  then  affused  with  water, 
to  wash  out  the  sulphate  of  alumina.  The  addition  of 
a potassa  salt  converts  it  into  alum. 

Graham  states  that  the  old  method  of  making  alum 
is  still  largely  practised  in  this  country : — A series  of 
beds  occur  low  in  many  of  the  coal  measures,  which 
contain  much  bisulphide  of  iron.  One  of  these,  known 
as  alum  slate,  is  a siliceous  clay,  containing  a consider- 
able portion  of  coaly  matter,  and  of  the  metallic  sul- 
phide in  a state  of  minute  division.  When  this  mineral 
is  exposed  to  air  and  moisture,  it  soon  exfoliates,  from 
the  formation  of  sulphate  of  iron,  the  bisulphide  of  iron 
absorbing  oxygen  like  a pyrophorus.  The  excess  of 
sulphuric  acid  formed,  attacks  the  other  bases  present, 
of  which  the  most  considerable  is  alumina.  Aluminous 
schists  often  require  to  be  moderately  calcined  or 
roasted,  before  they  undergo  this  change  in  the  atmo- 
sphere. The  mineral  being  lixiviated,  after  a sufficient 
exposure,  affords  a solution  of  sulphate  of  alumina  and 
protosulphate  of  iron,  from  which  the  latter  salt  is  sepa- 
rated by  crystallization.  The  subsequent  addition  of 
sulphate  of  potassa  to  the  liquor,  causes  the  formation 
of  alum;  the  chloride  of  potassium  answers  the  same 
purpose,  and  has  the  advantage  over  the  sulphate,  that 
it  converts  the  remaining  sulphates  of  iron  into  chlo- 
rides, which  are  very  soluble,  and  from  which  the  alum 
is  most  easily  separated  by  crystallization. 

Alum  requires  about  eighteen  parts  of  cold,  and  less 
than  one  part  of  boiling  water  to  dissolve  it,  and  crys- 
tallizes very  readily  in  large  regular  octahedrons,  of 
which  the  apices  are  always  more  or  less  cut  off.  Its 
taste  is  sweetish,  and  very  astringent.  It  is  an  acid 
salt,  reddens  vegetal  blues,  and  dissolves  metals  with 
evolution  of  hydrogen ; it  slightly  effioresces  in  the  air, 
and  at  a gentle  heat  suffers  the  aqueous  fusion.  Its 
water  of  crystallization  amounts  to  45'5  per  cent,  of 
its  weight,  or  twenty-four  atoms.  The  fused  salt,  in 
losing  this  water,  becomes  viscid,  and  intumesces,  leav- 
ing calcined  or  burnt  alum,  which  is  sometimes  used  as 
a corrosive. 

The  octahedral  crystals  of  potassa  alum  consist  of 
sulphuric  acid,  alumina,  potassa,  and  water,  in  the  an- 
nexed proportions : — 

A tom  io  Cen  tesim  ally 

Weight.  represented. 


1 Eq.  Sesquisulpliate  of  alumina, 172  ....  36-21 

1 Eq.  Sulphate  of  potassa, 87  ....  18-31 

24  Eq.  Water, 216 45-48 


1 Eq.  Crystallized  potassa  alum, 475  100-00 

Or  of- 

1 Eq.  Alumina, .52 10-94 

1 Eq.  Potassa, 47  ....  9-89 

4 Eq.  Sulphuric  acid, 160 33-68 

24  Eq.  Water, 216  ....  45-49 


1 Eq.  Crj'stallized  alum, 475  100-00 


E ormula, Al^,  O3  3 S O3,  K 0,  S O3  -f-  24  aq. 

The  solubility  of  this  salt  is,  according  to  Poggiale, 
as  follows: — 

VOL  I. 


100  parts  of  water  at  32°,  dissolve  3-29  parts  of  alum. 


ll 

“ 50 

(( 

«-52 

it 

“ 86 

it 

22-00 

(1 

“ 140 

it 

31  00 

(i 

" 158 

it 

90-00 

it 

“ 212 

it 

357-00 

t( 

At  a white  heat,  all  the  sulphuric  acid  in  combina- 
tion with  the  alumina,  and  the  water  of  crystallization, 
pass  off,  leaving  a mixture  of  the  earth  and  sulphate 
of  potassa.  When  crystals  of  alum  are  heated  in  a 
retort,  an  acid  solution — spirit  of  alum,  according  to  the 
old  chemists — distils  over  and  collects  in  the  receiver. 
Potassa  alum,  on  being  ignited  with  charcoal,  is  con- 
verted into  a pyrophorus. 

Alum,  when  heated  with  alkaline  chlorides,  liberates 
hydrocMoric  acid ; again,  if  a concentrated  solution  of 
this  salt  is  boiled  with  cliloride  of  sodium  or  potassium, 
the  same  acid  is  given  off,  and  a sparingly  soluble  basic 
alum  precipitated.  Richter  states  that  a solution  con- 
taining alum,  chloride  of  sodium,  and  nitrate  of  soda,  is 
a solvent  for  gold. 

When  alum  is  dissolved  in  twenty  parts  of  water, 
and  ammonia  dropped  slowly  into  the  solution  till 
the  liquid  is  nearly  saturated,  a bulky  white  precipi- 
tate appears,  which,  when  thoroughly  edulcorated  with 
distilled  water,  is  pure  alumina.  If  dried  and  weighed, 
it  will  be  found  to  be  10'82  per  cent,  of  the  weight  of 
the  alum  taken.  If  this  earth,  while  moist,  be  dissolved 
in  dilute  sulphuric  acid,  it  will  constitute,  when  as  neu- 
tral as  possible,  the  sulphate  of  alumina,  which  requires 
only  two  parts  of  cold  water  for  solution.  If  this  solu- 
tion be  now  decomposed  by  pouring  into  it  liquid  am- 
monia, there  appears  an  insoluble  white  powder— sub- 
sulphate of  alumina  or  basic  alum.  It  contains  three 
times  as  much  earth  as  the  neutral  sulphate.  How- 
ever, by  adding  a strong  solution  of  sulphate  of  potassa 
to  that  of  the  neutral  sulphate,  a white  powder  will  fall, 
which  is  ti-ue  alum.  When  recently-precipitated  alu- 
mina is  boiled  in  a solution  of  alum,  a portion  of  the 
earth  enters  into  combination  with  the  salt,  constituting 
the  insoluble  compound  which  falls  as  a white  amor- 
phous powder : the  same  combination  occurs  if  a boil- 
ing solution  of  alum  be  decomposed  by  potassa. 

These  experimental  facts  develop'  the  principles  of 
the  manufacture  of  alum,  which  is  prosecuted  under 
various  modifications  for  its  important  uses  in  the 
chemical  arts. 

MANUFACTURE  OF  ALUM.— Two  alums,  only, 
are  applied  in  the  arts ; these  are  composed  of  sesqui- 
sulphate  of  alumina,  in  combination  with  sulphate  of 
potassa,  or  sulphate  of  ammonia,  or  both,  as  given  in 
the  annexed  formulce : — 

K 0,  S O3  -1-  AI2  O3,  3 S O3  -f  24  aq. 

Am  0,  S O3  -|-  AI2  O3,  3 S O3  -|-  24  aq. 

ImO  } S O3  -k  AL  O3,  3 S O3  -f  24  aq. 

The  first  of  these,  potassa  alum,  is  simply  called  alum 

amongst  practical  men,  whilst  the  second  variety  is  dis- 
tinguished by  the  name  of  ammonia  alum.  The  latter 
is  easily  distinguished  from  the  former  by  its  giving  out 
the  odor  of  ammonia  when  triturated  with  quicklime. 
The  potassa  alum  is  preferred  by  turkey-red  dyers;  but 
both  are  used  by  dj-ers  and  calico-printers  solely  for  tlieir 
alumina,  and  in  this  particular  they  are  accounted  nearly 
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of  equal  value ; the  other  constituents  being  almost  use- 
less. The  possibility,  however,  of  producing  a cheap 
and  pure  salt  of  alumina  in  large  quantities,  is  dependent 
on  the  property  alum  possesses,  of  separating  from  its 
concentrated  solutions  in  large,  well-defined  crystals; 
the  purity  of  the  alumina  in  this  salt,  and  which  is 
necessary  in  the  applications  of  alum,  enables  the  pur- 
chaser to  pay  for  the  sulphuric  acid,  water,  and  alkali, 
although  they  are  useless,  except  for  elfecting  the  crys- 
tallization. Sulphate  of  alumina  is  with  great  diffi- 
culty separated  from  many  other  extraneous  salts  that 
accompany  it  in  the  manufacture,  particularly  from  sul- 
phate of  iron,  whilst  alum,  from  the  ease  with  which  it 
dissolves  in  hot  water,  and  its  sparing  solubility  in  cold, 
is  readily  separable  from  any  adventitious  substances. 

Production  of  Alum  from  Alum  Stone. — Alum 
is  obtained  in  much  larger  quantity  from  alum  rock,  a 
formation  of  volcanic  origin,  than  from  any  other  source. 
This  is  a massive,  granular,  only  partially  crystalline, 
transparent,  and  not  homogeneous  rock,  which  fre- 
quently encloses  quartz,  sometimes  mon  pyrites,  and 
manganese  ore.  Its  color  is  yellowish,  passing  into  green, 
grey,  red,  or  brown.  The  pure  mineral  alum  stone, 
alunite,  sometimes  occurs  in  it  in  distinct  crystals,  which 
have  been  found  to  consist  of  a basic  sulphate  of  alu- 
mina, with  sulphate  of  potassa,  and  is,  therefore,  a basic 
alum,  or,  more  probably,  a combination  of  neutral  sul- 
phate of  alumina  and  potassa,  with  hydrate  of  alumina, 
K 0,  S O3  + A\  O3,  3 S O3  -f  2 AI3  O3,  3 H O.-Ram- 
melsherg.  It  dilfers,  therefore,  from  alum,  in  contain- 
ing an  excess  of  alumina.  Alum  rock  is  of  the  same 
nature — a massive  alunite,  but  of  a less  pure  character; 
it  is  found  at  Tolfa,  near  Civita-Vecchia,  in  the  Papal 
States ; at  Montione,  in  the  dukedom  of  Piombino ; in 


Fig.  86. 


ap 

JIm 

and  Nipoglio;  but  is  not  of  very  common  occurrence  in 
other  places.  The  analyses  of  this  rock  have  yielded 
the  following  results : — 


From 

Tolfa, 

by 

Klaproth. 

From 

Beregszaz, 

by 

Klaproth. 

From 

Montione, 

by 

DcscotiL 

From 
Mont  d’Or. 

by 

Cordier. 

.56-5 

6-2-3 

28-4 

Alumina, 

19-0 

17-5 

40-0 

31-8 

Sulphuric  acid, 

16-5 

12-5 

3,5-6 

27-0 

Potassa, 

4-0 

1-0 

13-8 

5-8 

Water, 

3-0 

5-0 

10-0 

3-7 

Sesquioxide  of  iron, .... 

— 

— 

— 

1-4 

Loss, 

1-0 

1-7 

0-6 

1-9 

100-0 

100-0 

100-0 

100-0 

the  Comitats,  Beregh,  and  Zemplin,  in  Hungary ; at 
Jlont  d’Or,  in  France ; and  in  the  Greek  islands,  Milo 


It  wiU  be  seen  from  these  analyses,  that,  overlooking 
the  silica,  there  is  chiefly  a deficiency  of  potassa,  and 
also  of  sulphuric  acid,  in  the  rock,  for  the  formation 
of  alum ; but,  in  the  mineral  from  Tolfa,  for  instance, 
there  is  about  three  per  cent,  of  sulphuric  acid,  and  four- 
teen per  cent,  of  alumina,  more  than  are  requisite  to 
form  alum  with  the  four  per  cent,  of  potassa.  The  alum 
stone  from  Beregszaz  also  contains  an  excess  of  nine  per 
cent,  of  acid,  and  sixteen  per  cent,  of  earth ; that  from 
d’Or,  six  per  cent,  of  acid,  and  twenty-five  per  cent,  of 
alumina.  At  Tolfa,  where  the  alum  stone  comes  to  the 
surface,  a quantity  of  alum  is  produced  proportionate 
to  the  amount  of  potassa  in  the  rock,  and  the  remainder, 
particularly  the  excess  of  alumina,  is  separated.  This 
is  effected  by  burning  the  stones  in  heaps,  or  furnaces, 
similar  to  those  used  in  preparing  gypsum — Fig.  86 — 
particular  care  being  taken  that  the  temperature  does 
not  rise  too  high. 

The  imier  chamber  of  this  kiln  is  divided  into  two 
unequal  portions  by  an  arch,  P P,  situated  about  a foot 
from  the  bottom.  The  upper  part,  into  which  the  alum 
rock  is  introduced,  partly  through  the  door,  G,  and 
partly  through  the  mouth,  H,  is  provided  with  eight 
draught  holes,  J J,  the  ninth  hole  being  formed  by  the 
tube  in  the  covering  plate,  M.  The  lower  chamber,  or 
fire-space,  is  in  connection  with  the  fire,  E,  which  is 
situated  in  front  of  the  kfln,  and  which  is  replenished 
with  fuel  through  the  door,  D.  The  draught-channel,  C, 
terminates  in  the  ash-pit  under  the  grate.  A,  on  which 
the  fire  is  made.  The  flame  enters  at  x,  below  the 
perforated  arch,  p,  where  it  is  uniformly  disseminated 
over  the  whole  area  of  the  kiln,  and  passes  through  the 
fissures,  e e,  and  the  mass  of  materials,  in  an  upward 
direction,  escaping  at  the  apertures,  J j.  If  the  heat  is 
not  uniform  throughout  the  kiln,  the  draught-holes,  J J, 
are  opened  on  that  side  where  it  is  least  intense,  and 
where  it  is  desirable  to  lead  the  flame, 
while  those  on  the  other  side  are  closed. 

The  aperture,  l,  is  used 
for  clearing  the  fire- 
chamber,  and  is  closed, 
as  well  as  g and  h,  dur- 
ing the  firing.  Particu- 
lar attention  is  given  to 
the  maintenance  of  a 
proper  temperature.  00 
represent  the  exterior  walls  of  the  kiln,  made  of  non- 
conducting materials  to  secure  the  retention  of  the  I'.eat. 


ALUM Shales. 


At  a red  heat,  sulphate  of  alumhia  is  decomposed, 
yielding,  partly  anhydi'ous  sulphuric  acid,  and  partly 
oxygen  and  sulphurous  acid.  As  soon  as  these  vapors 
appear,  the  burning  is  stopped,  and  the  mass  is  trans- 
ferred to  walled  cisterns,  where  it  is  repeatedly  mois- 
tened with  water,  which  collects  below,  and  is  allowed 
to  disintegrate  for  three  or  four  months,  at  the  expiration 
of  which  period  it  is  converted  into  a soft  mud,  tasting 
perceptibly  of  alum,  which  may  then  be  dissolved  out 
with  water.  If  the  alum  stone  contained  an  excess  of 
hydrate  of  alumina,  this  would  Infallibly  react  upon  the 
alum,  and  form  with  it  a similar  but  insoluble  com- 
pound, containing  basic  sulphate  of  alumina — the  burn- 
ing expels  the  water  from  the  hydrate  of  alumina,  and 
thus  renders  it  chemically  inactive  ; the  excess  of  alu- 
mina is  thus  separated  from  the  compound,  which  then 
yields  an  alum  soluble  in  water.  During  the  evapora- 
tion— until  the  specific  gravity  is  1’114  at  113°  Uahr. — 
the  lie  still  holds  a fine  ferruginous  rose-red  powder  in 
suspension,  which  feebly  colors  the  crystals,  but  is  left 
when  these  are  redissolved.  The  crystals  contain 
potassa,  but  no  ammonia,  and  are  highly  prized  in 
commerce,  under  the  name  of  Roman  alum. 

Production  from  Alum  Ore. — The  production  of 
alum  from  alum  shale  and  alum  earth  is  systematically 
carried  out  or  divided  into  three  distmct  operations; 
the  production  of  sulphate  of  alumina ; the  addition  of 
sidphate,  or  chloride,  of  the  alkali  to  the  concentrated 
cold  solution  of  the  former,  in  which  operation  the 
difficultly  soluble  alum  precipitates  in  the  form  of 
powder,  and  is  thus  separated  from  the  foreign  salts ; 
and,  las%,  the  purification  of  the  alum  flour  by  re- 
crystallization. 

Alum  shale  is  a kind  of  clay  slate  impregnated  with 
sulphide  of  iron  and  bituminous  matters — a member, 
therefore,  of  the  younger  transition  series  of  rocks — 
allied  to  real  clay  slate  by  its  flrmness,  appearance, 
slaty  structure,  and  great  extent.  Although  it  is  not 
so  abundantly  disseminated  as  other  species  of  rocks 
and  minerals,  it  forms,  nevertheless,  beds  of  considerable 
extent  in  many  localities,  particularly  in  the  Scandina- 
vian peninsula  in  Bohemia ; in  the  Hartz,  in  Upper 
Bavaria;  in  Voigtland,  in  the  mountainous  districts  of 
the  Lower  Khine ; in  England,  near  Whitby ; in  Scot- 
land, at  Hurlet  and  Campsie,  near  Glasgow;  in  the 
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Uralian  Mountains.  It  may  be  also  met  with  in  many 
other  districts,  but  not  m siifficient  quantity  to  be  avail- 
able for  practical  purposes. 

The  following  analyses  show  the  composition  of  the 
rocks : — 


Alum  Shale  from  Siehda,  by  Lampadics. 


Sesquisulphate  of  aliiTn 
Potassa  alum, 

ina,  . . . . 

. . 2-68 
. . 0-47 
. . 0-95 

Sulphate  of  lime, 

. . 1-70 

Silica, 

..  10-32 

Alumina, 

. . 9-21 

Magnesia, 

Sesquioside  of  iron,  . . 

. . 2-30 

Oxide  of  manganese, .. 

. . 0-31 

Sulphur, 

. . 7-13 

Water, 

..  33-90 

Carbon,  el  cetera, 

..  31-03 

Alum  Shales,  by  G.  Kersten. 

100-00 

Hermannsschachte.  Gluckaufgang. 

Bluchcrschachte. 

Carbonaceous  matters. 

41-10 

. . . 27-92  . . 

..  34-20 

Silica, 

Sesquioxide  of  iron, . . 

44-02 

...  51-32  .. 

..  50-21 

G-23 

. . . 8-40  . . 

. . 0-42 

Alumina, 

Magnesia, 

5-60  . 

...  7-62  .. 

..  5-21 

0-32 

...  0-26  .. 

. . 0-53 

Oxide  of  manganese, . . 

0-12  . 

. . . traces  . . 

. . traces 

Sulphur, 

1-25 

...  2-89  .. 

. . 1-72 

Sulphate  of  lime, 

traces  . 

. . traces 

Loss, 

1-36  . 

...  1-59  .. 

..  7-71  _ 

100-00 

100-00 

100-00 

Alum  Shales,  by  Eedman.v. 

Soluble  in  acid.  Garnsdorflf.  Wezelstein. 


Sulphide  of  iron,  . . 

7-533 

....  10-166 

Silica, 

Sesquioxide  of  iron 

0-060 

....  0-100 

, 0-966 

2-466 

Alumina, 

1-833 

....  3-166 

Lime, 

0-400 

....  1-000 

Magnesia, 

trace 

10-792 

1-022 

17-920 

Insoluble  in  acid. 

Silica, 

50-066 

....  52-200 

Aliunina, 

Sesquioxide  of  iron 

8-900 

17-900 

1-300 

....  3-366 

Magnesia, 

1-000 

....  1-133 

Lime, 

trace 

....  trace 

Coal, 

22-833 

g4*noo 

0-803 

75-402 

6-678 

Loss, 

5-109 

100-000 

100-000 

Subjoined  is  the  composition  of  several  shales  which 
are  sometimes  used  in  the  manufactm-e  of  alum : — • 


Locality 

unknown. 

L’Aubisson. 

Punmcniss, 

Devonshire. 

StokcH. 

Gaggenan, 

Buden. 

Holtzmann. 

Niedcsselten, 

Nassau. 

Wiinph- 

Goslur, 

Uartz. 

Frick. 

Brenndaff, 
N.  Coblentz. 
Frick. 

Lelisten, 

ThuriiigerwaUl. 

Frick. 

Prague. 

ricrschl. 

Silica, 

48-6 

59-4 

64-34 

79-17 

60-03 

62-83 

64-57 

67-50 

Alumina, 

23-5 

17-4 

23-90 

10-42 

14-91 

17-11 

17-30 

15-89 

Sesquioxide  of  iron, 

11-3 

11-6 

9-70 

6-27 

8-94 

8-23 

7-46 

5-85 

Oxide  of  manganese, 

0-5 

— 

— 

— 

— 

— 

— 

0-08 

Lime, 

— 

2-1 

— 

— 

2-08 

0-83 

1-16 

2-24 

Magnesia, 

1-6 

2-2 

— 

— 

4-22 

1-90 

2-60 

3-67 

Potash, 

4-7 

— 

— 

— 

3-87 

4-17 

1-99 

1-23 

Soda, 

— 

— 

— 

— 

— 

— 

— 

2-11 

Strontia, 

— 

— 

— 

— 

— 

— 

— 

0-30 

Oxide  of  copper, 

Fluoride  of  calcium, 

Phosphoric  acid, 

— 

— 

— 

— 

0-28 

0-27 

0-30 

— 









z 

z 

z 

j-  1-13 

Sulphur,. 

0-1 

— 

— 

— 

— 

— 

— 

— 

Carbon, 

Carbonic  acid, 

Water, 

0-3 

— 

— 

— 

— 

— 

— 

— 

7-6 

6-4 

2-22 

2-78 

J 5-67 

4-66. 

4-62 

— 

Loss, 

1-8 

0-9 

~ 

1-36 

— 

— 

— 

— 

100-0 

100-0 

100-16 

100-00 

100-00 

100-00 

100-00 

100-00 

150 
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The  anueicd  is  the  composition  of  some  shales  from  Whitby,  iii  Yorkshire,  and  Campsie,  near  Glasgow: — 

' Whilby.  Campsie. 

Kicliardson. 

Top  rock.  Bottom  rock.  Top  rock.  Top  rock.  Bottom  rock. 


Sulphide  of  iron 4-20 8’5o{iro\C"’’’. I ! ! 1816  ! IS-Ot}  ' 


52-25  . . . 

. ..  51-16  

16*40  . * . 

. . . 1 .6*4()  . . 

0-47 

8-49  . . . 

. 6*11  

9-lS 

18-75  . . . 

. . . 18-30  

11-35  . . . 

. ..  11-64  ... 

. ..  1S*9I 

1-25  . . . 

. . . 2-15  

1*40  . . . 

. ..  2*22  .. 

0*40 

0-91  . . . 

. . . 0-90  

0*50  . . . 

. -32  ... 

. . 9*17 

0*15  . . 

. . 0 .6.5 

1-37  . . . 

. . , 2-50  

. - 0*0.5 

0-13  .. 

0*90  . . . 

. . 1 '9a 

0-20  ... 

0*21 

Coal,. 

4-97  . . . 

R-.51 

2-68  . . . 

. . . 2-00  

8*54 

Loss 

4-80  ... 

. . . 8-09  

. . . 3-13  . . . 

. . . 0-59 

100-00 

100-00 

100-00 

99-99 

100-00 

The  Campsie  alum  ores,  especially  the  upper,  con- 
tain a large  excess  of  pyrites,  yielding  of  course  more 
sulphuric  acid  than  the  alumina  can  take  up,  while  the 
lower  have  a considerable  excess  of  alumina;  it  is, 
therefore,  the  object  of  the  manufacturers  of  alum  to 
mix  these  ores  in  such  a manner  that  the  different  in- 
gi'cdients  may  be  made  available  as  far  as  possible. 

The  composition  of  the  residue  from  the  Campsie 
ores,  after  calcination  and  washing  out  the  alum,  is: — - 


Silica, 38‘40 

Alumina, 12‘70 

Sesquioxide  of  iron, 20'80 

Oxide  of  manganese, traces 

Lime, 2-07 

Magnesia, 2-00 

Potassa, I’OO 

Sulphuric  acid, 10-76 

Water, 12-27 


100  00 

It  is  well  known  that  alum  earth  belongs  to  the  more 
recent  deposits,  occurring  below  the  first  strata  of  the 
tertiary  coal  formation,  which  are  of  a later  period  than 
the  chalk.  It  is  a massive  but  soft  pulverizable  mass, 
stratified,  but  not  slaty,  and  of  a dark-brown  color;  it 
occupies  basins  of  variable  dimensions,  according  to 
the  position  of  the  neighboring  rocks.  Very  large 
deposits  of  this  formation  occur  in  the  valley  of  the 
Oder,  and  are  worked  at  Freienwalde  and  Muskau.  It 
is  no  uncommon  phenomenon,  in  the  coal  formations, 
for  the  clay  and  coal  strata  to  permeate  each  other 
in  those  localities  where  they  meet.  These  deposits, 
which  frequently  cover  the  coal  formation,  and  are, 
at  other  parts,  in  alternate  layers  with  the  coal,  play 
the  part  of  alum  ores,  and  may  be  worked  for  the 
production  of  alum,  when  they  contain  a sufficient 
quantity  of  sulphide  of  iron,  which  is  often  the  case. 
To  this  class  belong  the  Scotch  ores.  In  Upper  Sile- 
sia it  is  even  found  profitable  to  make  the  refuse  coal, 
or  hrees,  which  cannot  well  be  used  as  fuel,  subordinate 
to  the  production  of  alum ; these  coals  leave  an  alumi- 
nous ash,  and  those  which  are  rich  in  iron  pyrites  are 
only  distinguished  from  a real  alum  ore  by  their  large 
excess  of  combustible  matter,  and  which,  in  this  case, 
cannot  be  turned  to  account; 

Iron  pyrites,  or  the  bisulphide  of  iron — Fe  S^ — is 
quite  as  indispensable  to  the  production  of  alum  as 
alumina  itself.  This  compound  is  formed  by  the  de- 
composition of  protosulphate  of  iron — Fe  0,  S O3 — held 


in  solution  in  water  by  the  fossil  coal.  Green  vitriol, 
or  protosulphate  of  iron,  is  deprived  of  oxygen  by  an 
organic  substance  being  retained  for  a length  of  time 
in  contact  -with  it,  and  becomes  reduced  to  sulphide 
of  iron.  The  sulphide  is  disseminated  tlrrough  the 
alum  ores,  partly  in  the  well-known  brilliant  yellow 
crystals,  or  crystalline  deposits,  but  chiefly  in  a very 
fine  state  of  division,  as  a dull,  black  powder,  some- 
what resembling  the  mass  obtained  by  precipitating  a 
salt  of  iron  by  sulphide  of  ammonium.  Hence,  inas- 
much as  it  was  not  perceptible  to  the  eye,  its  presence 
has  not  only  been  overlooked  in  the  following  analy- 
ses, but  actually  denied: — 

Alum  earth. 


Alumina 

Silica, 

Magnesia, 

Sulphur, 

Carbon, 

Protoxide  of  iron, 

“ manganese. 
Protosulphate  of  iron,.  . . 
Sulphate  of  alumina, .. . . 

“ lime, 

“ potassa,  . . . . 

Chloride  of  potassium, . . 

Sulphuric  acid, 

Water, 


From  Freienwalde. 
Klaproth. 

...  16-00  .... 
. . . 40-00  .... 

, . . . 0-25  

From  Putzberg. 
Bergmann. 

. . . . 10-90 
45-40 

. . . 2-85  

3-94 

...  19-15  

5-95 

. . . 6-40  

5-50 

0*60 

. . . 1-80  

5-73 

1*20 

...  l-.so  

1-71 

. . . 0-50  

1*75 

. . . 0-50  

0-35 

0-47 

. . . 10-75  

. . . . 16  60 

100-00 

100-00 

The  sulphur  is  in  combination  -with  the  iron,  and 
not,  as  was  formerly  supposed,  in  the  free  state,  or 
as  sulphide  of  carbon.  Although  the  constituents  of 
alum  earth  are  nearly  the  same  in  specimens  taken 
from  other  locahties,  the  proportions  are  nevertheless 
variable,  as  might  have  been  expected  from  the  mode 
in  which  the  deposits  are  foimed;  so  great,  indeed, 
is  the  difierence  in  this  respect,  that  the  examples 
given  above  can  hardly  be  viewed  as  a fair  average 
of  these  compounds.  Pyrites  and  alum  ores  owe  the 
property  of  being  rapidly  decomposed  under  the  in- 
fluence of  atmospheric  air  to  the  fine  state  of  division 
of  the  bisulphide,  and  probably,  also,  to  the  occasional 
presence  of  the  protosulphide  of  iron.  Massive  crys- 
talline pyrites  is  very  slowly  decomposed  under  the 
same  circumstances.  The  decomposition  is  occasioned 
by  seven  equivalents  of  oxygen  being  taken  up  by  the 
pyrites — Fe  — which  convert  it  into  protosulphate  of 
iron  and  sulphuric  acid — Fe  0,  S Oj,  and  S Oj.  This 
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combination  of  the  oxygen  with  the  iron  and  sulphur, 
is  induced  by  contact  of  oxygen,  and  a spontaneous  rise 
of  temperature  which  results  from  the  chemical  union; 
when  the  latter  becomes  more  developed,  it  converts 
the  sulphide  of  iron,  as  by  roasting,  into  protosulphide 
and  sulphur,  which  immediately  bum,  the  former  being 
resolved  into  protosulphate  of  iron,  and  the  latter 
into  sulphurous  acid,  which  is  absorbed  by  the  alu- 
mina. The  sulphite  of  alumina  thus  formed  is  easily 
changed,  by  absorption  of  atmospheric  oxygen,  into  sul- 
phate of  alumina ; or,  as  Eichakdson  justly  remarks, 
what  is  more  likely,  by  reducing  the  sesquisulphate  to 
the  state  of  sulphate  of  the  protoxide.  The  alum  ore, 
when  first  taken  from  the  ridges — calcined  heaps — and 
covered  with  water,  which  is  removed  after  a short 
interval,  will  be  foimd  to  have  yielded  little  sulphate  of 
alumina  to  the  solution,  but  a great  deal  of  sesqui- 
sulphate of  iron ; while,  after  being  allowed  to  remain 
for  some  time  over  the  ore,  the  solution  will  be  found 
to  contain  much  sulphate  of  alumina  and  protosulphate 
of  iron : alum-makers  know  that  the  first  washes  are 
not  those  which  afford  the  most  alum,  imless  the  ore 
has  been  permitted  to  remain  in  the  steeps  for  a length 
of  time ; they  are  also  aware  that  more  alum  is  pro- 
cmed  by  adding  to  the  lie  a portion  of  mothers,  which 
are  very  rich  in  sesquisulphate  of  iron,  than  is  obtained 
by  pure  water,  per  se. 

The  sulphides  of  iron  are,  therefore,  available  to  the 
production  of  alum  merely  by  affording  the  necessary 
amount  of  sulphuric  acid  to  unite  with  the  alumina; 
besides  the  acid  produced  by  the  second  portion  of  sul- 
phur in  the  bisulphide,  another  portion  is  combined 
with  alumina  by  the  decomposition  of  the  green  vitriol, 
the  protoxide  of  iron  in  which  is  speedily  converted 
mto  sesquioxide  by  the  oxygen  of  the  air,  and  is  preci- 
pitated in  the  form  of  a basic  salt.  Potassa,  which  is 
never  altogether  wanting  in  the  alum  ores,  gives  rise  in 
a similar  manner  to  the  liberation  of  sulphuric  acid  by 
the  production  of  basic  sulphate  of  potassa  and  iron ; 


sesquisulphate  of  iron  is  also  decomposed  by  hydrate 
of  alumina,  and  sulphate  of  alumina  dissolves,  but  the 
greater  portion  remains  insoluble  with  the  basic  sulphate 
of  iron. 

Lime  in  the  ores  is  most  prejudicial,  for  this  base 
deprives  the  sulphate  of  alumina  and  sulphate  of  iron 
of  their  sulphuric  acid,  and  entirely  puts  a stop  to  the 
production  of  alum ; ores  containing  any  consider- 
able quantity  of  lime,  cannot,  consequently,  be  used  in 
this  manufacture.  Gypsum,  however,  is  always  found 
in  the  crude  lies.  Magnesia  is  no  less  deleterious  to 
the  formation  of  alum,  but  the  sulphate  of  magnesia — 
Epsom  salt — thus  produced,  is  not  totally  valueless. 
In  some  of  the  English  alum-works,  the  Epsom  salt  is 
a most  important  object.  Fresh  alum  ores  contain  no 
soluble  salts  of  alumina  or  iron ; it  is  only  where  air 
has  had  access  to  them,  either  in  the  pit  or  at  the  sur- 
face, that  efBorescence  in  the  form  of  fine  needles — 
feather  alum — is  observed,  and  this  consists  partly  of 
real  alum,  partly  of  sulphate  of  alumina,  or  of  combina- 
tions of  the  latter  salt  with  protoxide  of  iron,  sulphate  of 
magnesia  or  other  salts. 

An  aluminous  sulphate  of  iron  occurred  abundantly 
some  years  ago  in  the  Hurlet  and  Campsie  wrought- 
out  coal  beds,  which  had  the  following  composition ; — 


Berthier. 

Phillips. 

R.  D.  Thomson. 

R.  D.  Thomson. 

Sulphuric  acid, . . 

34-40 

30-90 

35-600 

28-635 

Protoxide  of  iron, 

12-00 

20-70 

13-560 

19-935 

Alumina, 

8-80 

5-20 

7-127 

2-850 

Magnesia, 

0-80 

— 

— 

— 

Water, 

44-00 

43-20 

43-713 

48-580 

100-00 

100-00 

100-000 

100-000 

The  composition  of  this  feather  alum,  or  hair-salt,  as 
it  is  termed  in  different  locahties,  is  shown  by  the  subse- 
quent analyses.  The  term  hair-salt,  sometimes  given  to 
these  natural  effloresced  bodies,  belongs  more  properly 
to  the  sulphate  of  magnesia  often  accompanying  them. 


COMPOSITION  OF  NATURAL  SULPHATK  OP  ALUMINA — FEATHER  ALUM. 


Saldana.  Fasto. 
Columbia. 

Pyromeni, 

in 

Island  Milo. 

Coquimbo, 

ChUi. 

Kolosorak, 

Bohemia. 

Friersdorflf, 

near 

Bonn. 

Potschappel, 

near 

Dresden. 

Freienwalde. 

Ararat. 

Andes. 

Campsie, 

Glasgow. 

Sulphuric  acid, 

36-400 

35-68 

40-31 

36-97 

35-82 

37-380 

35-710 

35-637 

58-58 

35-872 

40-4-25 

Alumina, 

16-000 

14-98 

14-98 

14-63 

15-57 

14-867 

12-778 

11-227 

38-75 

14-645 

10-482 

Sesquioxide  of  iron, .... 

0-004 

— 

— 

2-58 

— 

— 

— 

— 

— 

0-500 

8-530 

Protoxide  of  iron, 

— 

— 

— 

— 

— 

2-4G3 

0-667 

00 

FeOJ  ^ 

— 

— 

Protoxide  of  manganese, 

— 

— 

— 

— 

— 

— 

1-018 

0-307 

— 

— 

Potassa, 

— 

— 

0-26 

— 

— 

0-215 

0-324 

0-430 

— 

— 

1-172 

Soda, 

— 

— 

1-13 

— 

— 

— 

— 

— 

— 

2-262 

Lime, 

Magnesia, 

0-002 



— 

— 

— 

0-149 

0-640 

0-449 

— 

— 

— 

0-004 

— 

0-85 

0-14 

— 

— 

0-273 

1-912 

— 

— 

— 

Hydrochloric  acid 

— 

— 

0-40 

— 

— 

— 

— 

— 

— 

— 

— 

Silica, 

— 

— 

1-13 

1-37 

— 

— 

— 

0-430 

0-100 

— 

Water, 

46-600 

49-34 

40-94 

44-64 

48-61 

45-164 

47-022 

48-847 

— 

46-375 

3 6-295 

Loss, 

0-990 

— 

— 

— 

— 

— 

1-568 

-043 

— 

0-246 

3-096 

100-000 

100-00 

100-00 

100-33 

100-00 

100-238 

100-000 

100-000 

100-11 

100-000  100000 

Boussingault 

HortrweU. 

H.  Rose. 

Gobel. 

T.  Thorosoo. 

The  manufacture  of  alum  from  alum  schists  may  be 
distributed  under  the  six  following  heads: — • 
Preparation  of  the  alum  slate. 

Lixiviation  of  the  ustulated  slate. 


Evaporation  of  the  lixivium. 
Addition  of  the  saline  ingredients. 
Edulcoration  of  the  aluminous  salts. 
Crystallization. 
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Prexiaration  of  the  Alum  Slate. — Roasting  or  Ustu- 
lation. — Some  alum  slates  are  of  such  a nature  that, 
being  piled  in  heaps  in  the  open  air,  and  moistened 
from  time  to  time,  they  get  spontaneously  hot,  and 
by  degrees  fall  into  a pulverulent  mass,  ready  to  be 
lixiviated.  The  greater  part,  however,  require  the 
process  of  ustulation,  from  which  many  advantages 
are  derived.  The  cohesion  of  the  dense  slates  is  there- 
by so  much  impaired,  that  their  disintegration  becomes 
more  rapid;  the  decomposition  of  the  pyrites  is  quick- 
ened by  the  expulsion  of  a portion  of  the  sulphm- ; and 
the  ready-formed  sulphate  of  iron  is  partly  decomposed 
by  the  heat,  with  a transference  of  its  sulphuric  acid  to 
the  clay,  and  the  production  of  sulphate  of  alumina. 

Such  alum  slates  as  contain  too  little  bitumen,  or 
coal,  for  the  roasting  process,  must  be  interstratified  with 
la}^ers  of  small  coal  or  brushwood.  The  fuel  being 
kindled,  the  whole  slowly  ignites.  More  rock  is  piled 
upon  it,  until,  in  some  instances,  a vast  heap  of  in- 
flamed material,  one  hundred  feet  high,  and  two  hun- 
dred feet  square,  is  raised,  which  continues  to  burn  for 
months.  When  the  heap  is  fired  with  brushwood,  its 
ash,  yielding  potassa,  gives  rise  to  the  formation  of  small 
quantities  of  alum. 

Alum  is  manufactured  at  Whitby  by  the  combustion 
of  the  schists  of  the  upper  lias,  which  contain  a quantity 
of  iron  pyrites  and  bituminous  or  carbonaceous  matter. 
The  temperature  being  regulated,  and  water  occasionally 
supplied,  decomposition  occurs,  producing  sulphates  of 
alumina,  iron,  and  magnesia — exempli  gratia — 

4 Fe  S„  -f  Ala  0,  -f  Mr  0 -f  0^,  = 4 Fe  0,  S O3  -f  Alj  O3, 
3S03-l-Mg0,S03. 

In  Rhenish  Prussia,  especially  at  Salzweiler,  the  us- 
tulation is  effected  spontaneously,  by  the  aid  of  a stra- 
tum of  brown  coal  beneath  it,  which  has  continued  in  a 
state  of  incipient  and  restricted  combustion  ever  since 
1G60,  when  it  was  accidentally  ignited. 

A clay  bottom  is  well  adapted  for  the  erection  of  a 
heap,  to  prevent  any  of  the  salts  being  carried  by  the 
moisture  into  the  soil ; the  heap  is  also  sometimes  con- 
structed under  a shed.  As  a general  rule,  the  produce 
is  better  the  slower  and  more  uniform  the  heat  during 
the  calcination. 

The  Scotch  alum-works  are  those  of  Hurlet  and 
Campsie — the  former  six  miles  South  from  Glasgow, 
the  latter  about  nine  miles  North  of  the  city,  at  the 
foot  of  the  Campsie  HOls.  Mr.  King,  of  the  Campsie 
works,  is  also  proprietor  of  one  of  the  establishments 
at  Hurlet ; the  other  belonging  to  Messrs.  John  Wil- 
son and  Sons.  The  two  factories  at  Hurlet  embrace 
an  area  of  eighteen  to  twenty  acres,  the  greater  por- 
tion of  the  space  being  occupied  by  the  calcining  fields. 
The  aluminous  shale  found  in  this  locality  is  inter- 
stratified between  the  coal  bed  and  the  limestone,  and 
is  nearly  as  dark-colored  as  the  former;  it  is  occasion- 
ally found  mixed  with  native  crystals  of  sulphate  of 
iron.  After  the  shale  has  been  exposed  to  the  air  for 
some  time,  the  black  color  is  replaced  by  a grey,  owing 
to  the  action  of  the  air  causing  it  to  throw  out  a white 
efflorescence  of  alum. 

A striking  appearance  is  presented  by  the  alum-field, 
which  is  covered  throughout  with  ridges  or  elongated 


mounds  of  the  ore  for  calcination,  or  already  calcined,  and 
these  assume  a reddish-brown  hue  from  the  effect  of 
the  heat.  The  heaps  vary  in  size,  being  from  six  thou- 
sand to  about  twenty  thousand  tons  m content.  At 
one  of  the  works  under  consideration,  there  are  about 
fifteen  of  the  mounds  or  ridges  of  shale,  each  being 
one  hundred  and  twenty  to  one  hundred  and  eighty 
feet  in  length,  with  a base  of  about  twenty  feet,  and  a 
height  of  fifteen. 

Fig.  87  shows  the  arrangement  of  the  field. 

The  mounds  are  commenced  by  making  a few  fires  of 
coal  along  the  intended  length,  and  covering  them  over 
with  stones  or  bricks  in  any  convenient  manner,  leaving 
lateral  ducts,  or  passages,  for  the  air  to  enter.  Next, 
the  shale  is  thrown  on  the  fires,  the  coarsest  first;  and 
according  as  it  ignites,  and  communicates  heat  to  the 
outer  portions,  more  of  the  mineral  is  thrown  upon  it 
successively,  tfil  the  heap  is  considered  large  enough,  so 
as  to  have  the  whole  at  that  state  of  ignition  which  prac- 
tice leads  the  manager  to  judge  most  advantageous. 
It  is  then  mantled,  as  the  workmen  term  it,  that  is, 
covered  over  with  a layer  of  the  aheady  calcined  and  ex- 
hausted ore,  in  order  to  protect  it  from  high  winds  and 
excessive  rains,  as  also  to  moderate  the  heat  and  let  it 
cool  gradually,  so  that  the  sulphur  present  may  not  be 
volatilized  or  sublimed.  From  three  to  twelve  months, 
according  to  the  state  of  the  weather,  are  generally 
required  to  calcine  the  heap  properly ; and  in  rough 
weather  very  little  progress  is  made ; this  time  includes 
the  period  of  cooling  the  burned  ore,  which  is  done 
either  by  leaving  the  heap  to  itself,  or  checking  the 
ustulation  with  a thicker  mantling. 

By  an  economical  arrangement  of  the  manager,  the 
several  mounds  are  in  various  stages  of  advancement, 
some  being  cold,  others  about  being  finally  mantled  for 
cooling,  many  in  progress,  whOe  a further  number  are 
commencing,  so  that  at  all  times  a supply  of  calcined 
shale  may  be  ready  for  the  liquefying  vats. 

At  Whitby,  the  calcining  heaps  are  raised  from  eighty 
to  a hundred  feet  in  height.  In  consequenee  of  the 
gi’eater  amount  of  carbonaceous  matters  which  the 
shale  at  these  works  contains,  the  temperature  of  the 
mounds  rises  too  high,  and  causes  a loss  on  account 
of  the  excess  of  sulphiuous  and  sulphuric  acids  sub- 
limed; this  is  partly  prevented  by  mixing  the  shale 
with  some  of  the  calcined  and  exhausted  ore,  and  when 
the  heap  has  acquired  a larger  size,  and  the  heat  is 
still  deemed  too  high,  either  the  crevices  are  plastered 
up  with  the  small  schist,  or  the  whole  is  mantled  over 
as  at  Hurlet.  It  would  appear  that  the  height  of  the 
heap  must  be  disadvantageous  to  the  manufacturer,  on 
account  of  the  difficulty  of  properly  regulating  the  heat 
in  so  large  a mass  of  material,  and  that  the  method 
followed  at  the  Hurlet  works  effects  a better  ustulation, 
while  at  the  same  time  it  is  more  under  control. 

About  one  hundred  and  thirty  tons  of  the  Whitby 
calcined  schist  yield  one  ton  of  alum.  In  this  humid 
climate  it  is  found  advisable  to  pile  up  on  the  top  of 
the  ridge  of  brushwood  or  coal  and  schist,  a pyramidal 
heap  of  the  mineral,  which,  having  its  surface  plastered 
smooth,  with  only  a few  air-holes,  protects  the  mass 
from  the  rains,  and  at  the  same  time  prevents  the  com- 
bustion from  becoming  too  vehement.  Shoidd  heavy 
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rains  supervene,  a gutter  must  be  scooped  out  round 
llie  pile  for  receiving  the  aluminous  lixivium,  and  con- 
ducting it  into  the  reservoir. 

A continual  but  very  slow  heat,  with  a smothered 
fire,  is  most  beneficial  for  the  ustulation  of  alum  slate. 
When  the  fire  is  too  brisk,  the  sulphide  of  iron  may 
run  with  the  earthy  matters  into  a species  of  slag,  or 
the  sulphur  will  be  dissipated  in  vapor,  both  of  which 
accidents  would  cause  a deficiency  in  the  produce  of 
alum.  Those  bituminous  schists  which  have  been 
used  as  fuel  under  steam  boilers,  have  suffered  such 
a violent  combustion,  that  their  ashes  scarcely  yield 
any  alum.  Even  the  best  regulated  calcining  piles  are 
apt  to  bum  too  briskly  in  high  winds,  and  should  have 
their  draught-holes  carefully  stopped  under  such  cir- 
cumstances. It  may  be  laid  down  as  a general  rule, 
that  the  slower  the  combustion  the  richer  will  the  roasted 
ore  be  in  sulphate  of  alumina.  When  the  calcina- 
tion is  complete,  the  heap  diminishes  to  one  half  its 
original  bulk;  it  is  covered  with  a light  reddish  ash, 
and  is  open  and  porous  in  the  interior,  so  that  the  air 
can  circulate  freely  throughout  the  mass.  To  favor 
this  access  of  air  is  another  reason  that  the  masses 
should  not  be  too  elevated ; and  in  dry  weather  a little 
water  should  be  occasionally  sprinkled  on  tliem,  which, 
by  dissolving  some  of  the  saline  matter,  will  make  the 
interior  more  open  to  the  atmosphere. 

When  the  calcined  mineral  becomes  thoroughly  cold, 
it  may  be  submitted  to  the  lixiviating  vats.  As  many 
weeks,  or  even  months,  may  elapse,  from  the  first  con- 
struction of  the  piles  or  beds  till  their  complete  cal- 
cination, care  ought  to  he  taken  to  provide  a sufficient 
number  of  them,  so  as  to  have  an  adequate  supply  of 
material  for  carrying  on  the  lixiviating  and  crystallizing 
processes  during  the  course  of  the  year.  The  beds 
are  known  to  be  sufficiently  decomposed  by  the  efflo- 
rescence of  the  salt,  by  the  strong  aluminous  taste 
of  the  ashes,  and  by  the  appropriate  chemical  test  of 
lixiviating  an  aliquot  average  portion  of  the  mass,  and 
seeing  how  much  alum  it  will  yield  with  a solution  of 
sulphate  of  potassa,  or  chloride  of  potassium. 

Spence,  who  lately  sealed  a patent  for  the  manu- 
facture of  alum,  offers  the  following  as  his  method  of 
calcination.  He  forms  on  the  ground  a number  of  air- 
channels,  by  laying  parallel  lines  of  common  bricks  at 
the  distance  of  four  inches  apart,  and  placing  others  on 
these  crosswise ; thus  the  channel  formed  is  about  four 
inches  square.  The  transverse  bricks  are  placed  on 
loosely,  so  as  to  allow  the  air  to  pass  freely  upwards ; 
burning  coals  are  laid  on  the  channels,  and  a layer  of 
the  shale  which  is  most  bituminous,  broken  into  small 
pieces ; and  as  the  combustion  proceeds,  other  layers  of 
the  shale  fragments,  less  bituminous  than  the  preceding, 
.are  put  on  continuously,  but  not  in  too  great  a quantity. 
The  thickness  of  each  layer  should  be  regulated  by  the 
briskness  of  the  combustion,  which  should  never  go 
beyond  a low  red  heat ; but  care  must  be  exercised  in 
maintaining  the  bed  at  this  point,  as  a higher  tempera- 
ture would  be  apt  to  glaze  or  partially  flux  the  ma- 
terials, and  render  the  alumina  less  soluble  in  acid.  An 
examination  of  the  following  figure,  exhibiting  the  heaps 
or  mounds  in  various  stages  of  progress,  will  show  that 
a method  similar  to  this  is  practised  at  Hurlet. 


Shales  destitute  of  bitumen,  or  prepared  clays,  may 
be  calcined  in  the  same  way,  by  mixing  with  them 
small  coals,  or  saw-dust;  the  heaps  in  either  case  may 
be  made  of  any  convenient  dimensions,  but  the  height 
most  appropriate  is  four  to  five  feet.  The  mass  will 
burn  out,  and  be  cool  enough  for  use  in  eight  or  ten 
days. 

Lixiviation  of  the  Roasted  Ores. — This  part  of  the 
operation  for  dissolving  out  the  sulphate  of  alumina, 
and  other  soluble  components,  is  one  which  requires 
much  attention  in  regulating  the  proper  amount  of 
water  which  is  required  to  extract  the  whole  of  the 
soluble  bodies,  without  having  a super.abundance  of 
unnecessary  liquid  to  eliminate  when  the  solutions  are 
to  be  subsequently  concentrated  for  crystallization,  or 
precipitation.  When  an  excess  of  water  has  been  em- 
ployed to  exhaust  the  calcined  shale,  considerable  time 
and  labor  are  required  for  the  evaporation  of  such  liquors. 
If  a manufacturer  allows  too  much  to  be  taken,  he  can- 
not compete  with  his  neighbor  who  uses  his  best  en- 
deavors to  cheapen  the  cost  of  production,  especially 
in  this  age  of  rivalry.  Hence,  the  chief  study  should 
be  to  employ  only  as  much  water  as  will  effectually  or 
nearly  exhaust  the  ore  of  its  soluble  saline  ingredients. 
Vessels  for  the  lixiviation  are  either  wooden  cisterns  lined 
with  sheet-lead,  or  cisterns  made  of  stone ; the  latter 
are  more  durable,  but  more  expensive.  The  tanks,  or 
lixiviating  vessels,  are  placed  in  England  and  France 
at  different  levels,  for  the  purpose  of  facilitating  the 
exhaustion  of  the  material  in  them,  while  in  Scotland 
they  are  constructed  upon  the  same  plane.  The  form 
usually  given  to  these  vessels  is  that  of  a square  or 
oblong. 

When  the  exhaustion  of  the  ustulated  shale  is  effected 
by  the  first  of  these  arrangements,  as  at  Whitby,  a 
wooden  or  iron  sluice  carries  the  lie  from  the  series  of 
tanks  to  a large  cistern  to  be  again  returned  upon  the 
upper  troughs,  recharged  with  fresh  portions  of  the 
burned  ore,  in  order  to  bring  it  to  the  proper  degree  of 
strength,  when  it  is  drawn  off  to  be  concentrated  by 
heat.  Water  is  let  into  the  upper  troughs  through 
several  inlets,  till  it  covers  the  burned  material  to 
the  depth  of  one  or  two  inches.  After  six  to  twelve 
hours,  according  to  the  facility  with  which  the  sul- 
phates are  extracted,  the  liquor  from  this  tank  is 
drawn  off  at  the  openings  at  the  bottom  into  the  cis- 
tern next  beneath  it,  where  it  is  suffered  to  remain  for  an 
equal  length  of  time  before  it  is  run  into  the  clarifying 
vessel,  whence  it  is  conducted  to  the  pans  for  evapora- 
tion. No  more  than  half  the  water  employed  in  the 
first  washing  can  be  drawn  off,  as  nearly  half  is  ret.ained 
by  the  shale ; and,  in  consequence  of  this,  only  half  the 
quantity  of  water  used  in  the  first  is  added  to  make  the 
second  lie,  which,  after  twelve  hours,  is  drawn  off  into 
the  lower  cistern,  like  the  preceding,  and  a third  quantity 
of  water  is  poured  on  in  order  to  extract  the  whole  of 
the  soluble  ingredients.  This  third  washing  being  of  a 
low  strength,  is  pumped  up  to  form  the  first  watering  of 
fresh  quantities  of  the  material,  to  bring  it  to  the  desired 
strength  for  evaporating,  which  should  be  from  1-11.3  to 
1-157. 

At  the  Hurlet  and  Campsie  Works,  near  Glasgow, 
the  process  pursued  is  the  following: — After  the  cro 
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is  calcined,  it  is  wheeled  from  the  ridges  into  large 
stone  cisterns,  called  steeps,  occupying  tlie  same  level 
— see  Fig.  87.  The  steeps  are  furnished  with  false 
bottoms  formed  of  planks,  which  rest  on  transverse 
beams,  and  the  roasted  shale  is  laid  on  the  planks  till 
it  is  about  eighteen  inches  above  the  bottom.  Water, 
or  a weak  lie  from  a previous  operation,  is  poured 
upon  the  bed  of  adusted  ore  till  it  is  completely 
covered  over,  and  afterwards  allowed  to  remain  in 
contact  with  it  for  about  eight  hours.  It  generally 
remains  over  the  night.  A plug  at  the  bottom  of 


the  vat  is  then  opened,  and  the  solution,  which  should 
have  a specific  gravity  of  about  20°  Twaddle,  or 
ITOO,  is  drawn  off  into  the  settler,  or  supply  cistern, 
where  it  is  allowed  to  remain  at  rest,  in  order  that  any 
matters  held  mechanically  may  subside.  A second 
wash,  of  a weaker  liquor  than  that  employed  in  the 
first  operation,  is  then  added,  and  left  in  contact 
with  the  partly-exhausted  shale  as  long  as  in  the  first 
instance,  after  which  it  is  drawn  ofl'  to  the  cistern  as 
before ; the  same  operation  is  repeated  a third  time  if 
necessary,  till  the  liquid  becomes  below  12°  Twaddle  in 
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strength,  after  which  it  is  not  deemed  economical  to 
evaporate  for  alum,  but  retain  the  several  washings  for 
use  in  exhausting  fresh  quantities  of  ore.  The  last 
washings  of  the  steep  are  made  with  water,  and  the 
strongest  of  the  several  resulting  weak  liquors  from 
each  steep  is  used  the  first  in  exliausting  a fresh  one. 
After  the  ore  is  deprived  of  its  soluble  ingredients,  it  is 
either  removed  to  the  waste  heap,  or  returned  to  the 
calcining  ridges,  where  it  is  intermixed  with  the  fresh 
ore  for  the  purpose  of  checking  a too  rapid  combustion, 
when  such  is  apt  to  take  place. 

At  Vabnnnster,  in  the  department  of  the  Moselle, 


the  tanks  are  constructed  of  burned  stones  and  clay, 
and  each  has  a capacity  of  1728  cubic  feet — 1380  cubic 
feet  Khenish.  At  the  bottom,  at  certain  distances  from 
each  other,  beams  are  arranged,  upon  which  a layer  of 
straw  and  brushwood  is  laid,  and  upon  this  the  false 
bottom  of  boards  is  placed.  This  arrangement  forms 
the  filtering  apparatus,  from  which  the  lie  flows  through 
apertures  at  the  sides.  Each  cistern  requires  1280 
cubic  feet  of  water  for  the  lixiviation.  Lie  is  first 
poured  upon  the  ore,  of  20°  B.  = sp.  gr.  1T57  ; when 
this  has  run  off,  it  corresponds  to  24°  or  25°  B.,  and  is 
fit  for  boiling ; a weaker  lie  of  15°B.  = sp.  gr.  I'l  1.5, 
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and  subsequently  others  of  10°  B.,  = sp.  gr.  1-072, 
and  the  weakest,  of  5°  B.,  = sp.  gr.  1-034,  then  follow ; 
and  lastly,  the  whole  is  washed  out  with  pure  water. 
All  the  lies  that  fall  short  of  24°  or  25°  B.,  are  poured 
upon  more  or  less  exhausted  ores,  according  to  their 
strength.  By  arranging  these  cisterns  upon  terraces, 
the  one  above  the  other,  the  lie  can  easily  be  drawn 
from  the  upper  into  the  lower  cisterns,  until  it  has  ac- 
quired the  proper  strength.  The  solution  is  then  called 
crude  liquor,  and  is  preserved  in  large  walled  tanks, 
ready  for  further  operations. 

The  density  of  the  liquors  is  determined  by  a 
specific  gravity  bottle,  peculiar  to  the  alum  manufac- 
turers ; it  is  capable  of  containing  eighty  pennyweights 
of  water  at  the  ordinary  temperature,  and  when  this 
bottle  is  filled  with  the  alum  liquor  and  weighed,  the 
excess  of  weight  is  denominated  the  strength  in  penny- 
weights ; thus,  if  a liquor  should  weigh  ninety  penny- 
weights, it  would  be  put  as  one  of  ten  pennyweights, 
or  simply  liquor  of  90.  A simpler  method  is  the  use 
of  the  hydrometer,  for  determining  the  amoimt  of  in- 
gredients dissolved,  and  this  even  in  the  pennyweights 
of  the  alum-maker;  thus,  dividing  the  indications  of 
Twaddle’s  hydrometer  by  2-5,  gives  the  alum-maker’s 
strength  in  penny  weights,-without  the  trouble  of  weighing. 

According  to  Scanlan,  eight  different  liquors  are 
met  with  in  the  alum- works  on  the  Yorkshire  coast. 

1.  Raw  liquor. — The  calcined  alum  shale  is  steeped 
in  water  till  the  liquor  has  acquired  a specific  gravity 
of  nine  or  ten  pennyweights,  according  to  the  language 
of  the  alum -maker. 

2.  Clarified  liquor. — The  raw  liquor  is  brought  to 
the  boiling  point  in  leaden  pans,  and  suffered  to  stand 
in  a cistern  tiU  it  has  become  clear ; it  is  then  called 
clarified  liquor.  Its  gravity  is  raised  to  ten  or  eleven 
pennyweights. 

3.  Concentrated  liquor. — Clarified  liquor  is  boiled 
down  to  about  twenty  pennyweights.  This  is  kept 
merely  as  a test  of  the  comparative  value  of  the  potassa 
salts  used  by  the  alum-maker. 

4.  Alum-mother  liquor. — The  alum  pans  are  fed 
with  clarified  liquor,  which  is  boiled  down  to  about 
twenty-five  or  thirty  pennyweights,  when  a proper 
quantity  of  potassa  salt  in  solution  is  mixed  with  it,  and 
the  whole  run  into  coolers  to  crystallize.  The  liquor 
pumped  from  these  rough  crystals  is  c^o.A.alum-mothers. 

5.  Salt-mothers. — The  alum-mothers  are  boiled  down 
to  a crystallizing  point,  and  afford  a crop  of  rough  Epsom, 
which  is  a sulphate  of  magnesia  and  protoxide  of  iron. 

6 and  7.  Alum-washings.— rough  crystals  of 
alum — No.  4 — are  washed  twice  with  water,  the  first 
washing  being  about  four  pennyweights,  the  second 
about  two  and  a half,  the  difference  in  gravity  being 
due  to  motlier-liquor  clinging  to  the  crystals. 

8.  Tun-liquor. — The  washed  crystals  are  now  dis- 
solved in  boiling  water,  and  run  into  the  roching-tuns 
— wooden  vessels  lined  with  lead — to  crystallize.  The 
mother-liquor  of  the  roch-alum  is  called  tun-liquor- 
it  is  of  course  not  quite  so  pure  as  a solution  of  roch- 
alum  in  water. 

With  reference  to  the  exhausted  residues,  two  cases 
may  occur:  they  have  either  been  rendered  perfectly 
porous  by  the  roasting  and  decomposition,  in  which  case 
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they  will  have  been  completely  exhausted,  and  may  be  1 
thrown  away  unless  they  can  be  used  for  covering  fresh 
heaps ; or  they  stOl  contain  portions  of  undecomposed 
ore,  and  may  then  be  subjected  to  a second  exposure — 
as  at  Buchsweiler,  in  Elsace — either  by  themselves  or 
mixed  with  fresh  ore. 

The  process  in  many  other  alum-works,  where  the 
ores  do  not  require  roasting,  is  essentially  the  same  as 
that  described  above.  The  lixiviation,  however,  is 
then  carried  on  with  the  heaps  themselves,  and  during 
the  process  of  decomposition ; they  are  erected  for  this 
purpose  either  upon  fiat  wooden  boxes,  termed  Buhnen, 
or  upon  a foundation  composed  of  brickwork,  or  clay, 
which  is  completely  impervious  to  the  liquor,  and 
where  the  water  which  is  pumped  from  time  to  time 
upon  the  heap  collects,  and  is  thence  conducted  to  the 
crude  liquor  cisterns.  The  soluble  salts  are  thus  re- 
moved at  certain  periods,  as  they  are  produced  during 
decomposition.  The  strength  of  the  crude  liquor  in 
the  cisterns  must  be  regulated  by  the  respective  prices 
of  labor  and  fuel,  weak  liquor  requiring  more  of  the 
latter,  and  strong  liquor  more  labor;  it  is  never  advis- 
able, however,  to  concentrate  the  liquor  to  that  degree 
at  which  it  would  be  saturated  with  the  crystaUizable 
salts,  such  as  green  -vitriol  and  sulphate  of  magnesia,  as 
these  would  crystallize  -with  the  slightest  amount  of 
evaporation  or  rise  of  temperature  before  it  is  desirable 
they  should  do  so.  In  general,  the  density  indicated  by 
20°  B.,  = sp.  gr.  1-157,  is  not  exceeded.  Simon  found 
the  crude  liquor  from  Gleissen,  in  Newmark,  to  contain 
the  folio-wing  ingredients ; — 


Sulphate  of  alumina, 

Sulphate  of  iron, 

Sulphate  of  soda, 

Sulphate  of  magnesia,. 

Sulphate  of  manganese,... . 

Sulphate  of  potassa,. 

Sulphate  of  lime, 

Sesquichloride  of  iron, 

Chloride  of  magnesium, 

Sesquichloride  of  aluminum. 

Sulphuric  acid, 

Hydrochloric  acid, 

Water, 


11-085 

9-773 

2-035 

1-751: 

0-174 

0- 095 
0-120 

1- 872 
0-334 
0-419 

0- 563 

1- 454 


— 29-678 


70-322 


100-000 


These  constituents  are  always  accompanied  by  a 
certain  quantity  of  ready-formed  alum,  which  may  be 
potassa,  or  ammonia  alum,  or  both,  when  a red  heat 
has  not  been  employed  in  the  manufacture ; but  if  a 
high  temperature  be  applied,  it  decomposes  the  ammonia 
alum,  leaving  only  alumina.  To  the  production  of  the 
potassa  alum,  the  alkali  naturally  contained  in  the  ores 
contributes,  and  stOl  more  that  which  exists  in  the  ash 
of  the  wood  used  as  fuel ; the  production  of  ammonia 
is  attributable  to  the  nitrogen  contained  in  the  coal. 
During  the  time  that  the  crude  lie  is  clarifying  in  the 
large  vats,  a chemical  decomposition  ensues  by  the 
action  of  the  air  upon  protosulphate  of  iron,  which  is 
not  prevented  by  the  state  of  solution  of  the  salt. 


10  Eqs.  of  sulphate  of  iron,  Fe  0,  S O3  = Fejo  -j-  O,o  -f- 10  S O3 
absorb  from  the  air  5 eqs.  of  oxygen,  = O5 

producing Feu,  -f-  0,5  -f- 10  S O3 

Which  consists  of  a basic  salt  that 

precipitates, = Fe4-1-  Os  -d"  ® O3 

and  3 eqs.  ot  sesqmsulphate  of  \ -1-0  1 r B Q 

iron  which  remain  in  solution,. . . j ^ 9 ~i~  "•  3 

Ffiio  + O16+  S O3. 
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lu  the  foregoing  analysis,  this  acid  salt  has  probably 
been  overlooked,  or  its  constituents  have  been  appropri- 
ated in  some  other  manner ; in  the  high  state  of  dilution 
of  the  crude  he,  however,  nearly  the  whole  of  the  oxide 
of  iron  is  precipitated,  and  a very  small  portion  remains 
in  solution.  This  behavior  is  turned  to  account  by 
mixing  the  crude  liquor  with  the  mud  obtained  in  a 
subsequent  operation ; this  mud  is  a kind  of  basic  alum, 
that  is  soluble  and  deficient  in  a certain  quantity  of 
sulphuric  acid  to  make  it  neutral  alum,  but  which  is 
Bupphed  at  the  expense  of  the  acid  sesquisulphate  of 
iron,  or  of  the  free  sulphuric  acid.  The  basic  sesqui- 
salt  of  h'on  is  called  in  German  vitriolschmand,  and  is 
collected  from  time  to  time  from  the  bottom  of  the 
cisterns,  and  heated  to  redness ; it  then  parts  with  its 
acid,  and  the  peroxide  remains,  which  is  used  as  a red 
pigment. 

Boiling  the  Crude  Lie. — The  further  treatment  of 
the  lie  depends  upon  the  quantity  of  green  vitriol  which 
it  contains,  and  in  most  cases  there  is  quite  as  much 
or  more  of  this  salt  than  of  alum.  Wlien  this  happens 
the  lie  is  used  for  the  production  of  both  salts,  and 
alum  and  copperas  works  are  generally  carried  on  con- 
jointly. The  process  of  separating  the  two  salts  by 
crj'stalllzation  varies  much  in  different  manufactories. 

When  the  crude  lie  is  very  much  charged  with  the 
iron  salt,  it  is  evaporated  in  pans,  into  which  old  iron 
is  thrown.  The  sesqui-compound  formed  by  the  action 
of  the  air  is  thereby  partly  precipitated  as  a basic  salt, 
with  the  liberation  of  sulphuric  acid  which  converts  a 
part  of  the  iron  into  sulphate,  setting  free  hydrogen  gas ; 
the  latter  reduces  the  precipitated  sesquisulphate  of  iron 
to  protosulphate,  and  prevents  its  further  oxidation  dur- 
ing the  evaporation.  In  order  to  afford  more  points  of 
attachment  for  the  crystals,  and  facilitate  their  removal, 
the  workmen  are  in  the  habit  of  hanging  peeled  sticks 
and  branches  in  the  solution.  The  mother  lie  contains 
the  whole  of  the  sulphate  of  alumina,  which  is  sepa- 
rated in  a manner  to  he  subsequently  described. 

In  other  places — as  at  Keschwitz,  near  Saalfield,  at 
Schwemmsal — the  greater  portion  of  the  water  is  re- 
moved by  graduation,  as  in  the  salt-works,  when,  in 
consequence  of  the  increased  action  of  the  air,  a con- 
siderable portion  of  the  green  vitriol  is  decomposed, 
and  much  basic  sulphate  of  iron,  mixed  with  gypsum, 
is  left  as  an  incrustation  upon  the  thorns.  The  gra- 
duated lie  then  yields  green  vitriol  on  evaporation,  and 
a mother  liquor  containing  the  alum. 

Another  process  consists  in  separating  the  copperas, 
not  by  cooling  the  saturated  solution,  but  by  simple 
evaporation,  or  abstraction  of  water,  as  in  the  soccage 
of  common  salt — for  instance,  at  Buschweiler.  When 
evaporation  has  been  carried  on  for  some  time,  and  the 
loss  of  water  and  the  strength  of  the  lie  have  reached 
a certain  degree,  a point  of  saturation  is  attained — when 
the  specific  gravity  is  from  1'35  to  1'37,  or  38°  to  40° 
B. — at  which  the  remaining  water  is  just  sufficient  to 
retain  the  copperas  in  solution.  The  evaporation  of 
every  additional  quantity  of  water  then  causes  the  pre- 
cipitation of  a portion  of  copperas,  and  a sediment,  con- 
sisting of  very  small  anhydrous  or  slightly  hydrated 
crystals,  is  rapidly  deposited.  In  the  meantime,  the 
evaporated  water  is  constantly  replaced  by  fresh  liquor. 
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It  is  obvious  that,  upon  this  plan,  in  which  the  liquor  is 
always  saturated,  the  quantity  of  dissolved  copperas 
cannot  accumulate  in  the  pan,  whilst  the  amount  of  the 
other  soluble  salt — sulphate  of  alumina — must  increase 
synchronously  with  the  deposition  of  the  fonner  imtil 
the  liquid  is  saturated  with  it — a stage  which  is  care- 
fully attended  to  by  observing  if  the  hydrometer  sinks 
to  the  same  degree,  in  order  that  the  other  salts  with 
which  it  wiU  then  be  saturated  may  not  precipitate  with 
the  copperas.  On  the  one  hand,  the  precipitated  cop- 
peras is  removed  and  purified  by  recrystallization,  when 
its  water  of  crystallization  is  raised  to  seven  equivalents, 
and  on  the  other  a mother  liquor  remains,  saturated 
with  sulphate  of  alumina,  for  the  production  of  alum. 

When,  on  the  contrary,  the  copperas  is  not  in  excess, 
the  process  is  reversed,  and  begins  with  the  production 
of  alum  from  the  crude  liquor.  For  this  purpose  the 
lie  is  pumped  at  once  from  the  crude  liquor  cisterns,  in 
which  it  has  been  clarified,  into  the  evaporating  pans 
to  be  brought  to  the  proper  degree  of  concentration. 
If  the  pans  are  composed  of  tinned  iron,  they  will  be 
corroded  by  the  sulphate  of  alumina  and  the  lie,  with 
the  evolution  of  hydrogen  and  the  precipitation  of  basic 
sulphate  of  alumina ; this  action,  which  is  similar  to 
that  of  an  acid,  is  not  prevented  by  the  addition  of 
the  basic  mud  before  mentioned.  .The  sediment  fre- 
quently gets  burnt  on  the  bottom,  and  causes  diffi- 
culty and  damage,  particularly  when  cast-iron  or  leaden 
pans  are  employed,  which  are  not  otherwise  affected ; 
but  the  former  of  which  are  brittle,  and  the  latter  too 
easily  melted  by  the  heat.  To  prevent  this  burning, 
metal  evaporating  pans  are  now  almost  universally  dis- 
carded, and  the  flame  is  carried  over  the  surface  of  the 
liquid  instead  of  below  the  pan.  When,  however,  the 
liquors  contain  sulphate  of  magnesia,  surface  evapora- 
tion will  not  he  so  available  as  evaporation  carried  on 
in  leaden  pans  heated  from  below,  for  when  the  con- 
centration has  proceeded  to  a certain  extent,  the  mag- 
nesian and  other  salts  form  a crust  on  the  surface  of  the 
liquid  which  protects  it  from  the  heated  air  passing 
over  it. 

At  each  of  the  Hurlet  works  there  are  six  or  seven 
evaporating  basins,  protected  from  the  cooling  influence 
of  the  atmosphere  and  rains  by  a shed-roofing,  as  repre- 
sented in  Fig.  88.  These  are  long  cisterns  of  brickwork, 
well  cemented  together,  and  arched  over  with  the  like 
materials ; they  have  a length  of  sixty  feet,  and  a breadth 
of  six,  with  a depth  of  about  four ; they  are  capable  of 
evaporating  about  four  thousand  five  hundred  to  five 
thousand  gallons  in  twenty-four  hours.  The  cisterns  are 
heated  by  a furnace,  which  is  placed  at  one  end,  and  on 
a level  almost  with  the  surface  of  the  liquid  when  the 
boiler  is  fuU,  as  has  been  already  described ; a powerful 
chimney  at  the  opposite  end  of  the  boiler  creates  a 
strong  draught,  that  sweeps  the  flame  and  heat  from 
the  fire  over  the  surface  of  the  liquor,  producing  a very 
high  temperature,  and  rapid  evaporation  takes  place. 
Fig.  89  represents  a longitudinal  section  of  one  of  these 
evaporating  cisterns. 

The  liquor  is  placed  in  the  basin,  A A,  the  walls  of 
which  are  made  of  brick,  placed  upright,  and  well 
cemented  with  mortar  composed  of  lime  and  lixiviated 
alum-shale  waste.  In  order  that  the  current  of  air 
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passing  through  the  'fire  at  d,  may  not  carry  any 
appreciable  quantity  of  the  ashes  into  the  liquor,  in 
course  of  evaporation,  the  fire  bars  are  fixed  at  a low 
level ; the  flame  passes  below  the  flat  anch,  b b,  to  the 
chimney.  This  arch  contains  apertures,  c c,  adapted 
for  observing  the  interior  of  the  different  parts.  Fresh 


liquors,  or  the  mother  liquors  from  a previous  operation, 
are  introduced  through  the  openings,  c C,  as  the  water 
is  evaporated  from  the  contents  of  the  furnace,  until 
the  solution  acquires  a density  of  about  1'40,  which  is 
the  most  suitable  state  of  concentration  for  producing 
the  flour,  or  meal,  in  the  next  operation. 


Fig.  88. 


To  economise  fuel,  the  furnace  is  very  long,  and 
the  fire  communicates  with  an  evaporating  pan,  so 
that,  in  either  case,  the  whole  heating  power  may  be 
made  available,  as  far  as  practicable.  The  draught 
of  the  furnace  insures,  in  the  simplest  manner,  a con- 
stant current  of  air  over  the  liquid,  which  is  favorable 
to  evaporation  by  sweeping  the  vapors  generated  on- 
wards to  the  chimney.  During  the  evaporation  of 
the  liquor  in  the  furnace,  a copious  sediment  is  thrown 
down,  consisting  of  basic  sulphate  of  iron — produced 
by  the  continuous  decomposition  of  the  copperas  and 
neutral  sesquisulphate  of  iron — gypsum,  and  other 
salts,  of  which  it  is  necessary  to  clear  the 
liquor  in  the  cooling  vats;  but,  however 
impure  the  liquor,  or  however  rich  in  sul- 
phate of  alumina  the  solution  may  be,  its 
evaporation  should  not  be  carried  on  so  far 


as  to  cause  a deposition  of  salt  upon  cooling ; the  in- 
gredients must  be  entirely  held  in  the  clear  solution, 
even  after  cooling  the  liquor  in  the  vats  appropriated 
to  the  production  of  the  alum  flour. 


In  the  forementioned  factories,  the  fiunaces  are  fired 
incessantly  for  eight  days,  and  the  boiler  is  replenished 
with  hquor  from  the  supply  cistern  till  the  eve  of  the 
eighth  day,  when  a charge  of  mother  liquor  is  run  in 
which  deposits  no  sedimentary  matter  on  boUing,  like  the 
fresh  liquor ; this  is  boiled  down  tiU  it  has  the  proper 
degree  of  strength,  and  then  allowed  to  settle  for  twelve 
hours.  After  adding  the  mother  liquor,  it  is  customary 
to  find  the  strength  of  the  solution.  This  is  done  by 
taking  out  a known  quantity  of  it,  and  concentrating  it  to 
the  proper  strength  with  chloride  of  potassium,  allowing 
the  solution  to  cool,  and,  after  twenty-four  hours,  the 
crj'stals  produced,  when  washed  with  a little  cold  water, 
dried  and  weighed,  furnish  an  approximate  test  of  the 
value  as  to  its  real  per  centage  of  alumina.  The  alum- 
maker  resorts  to  this  method  for  testing  the  quality 
of  his  chloride  of  potassium ; but  in  this  case  he  has  a 
standard  solution  of  alumi- 
nous sulphate.  These  expe- 
riments point  out  the  quan- 
tity of  aUialine  chloride  to  be 
added  per  gallon  of  liquor. 

At  the  Whitby  alum- 
works,  leaden  pans  are  em- 
ployed in  consequence  of  the 
liquors  from  the  calcined 
shale  of  this  locality  containing  sulphate  of  magnesia, 
which  renders  surface  evaporation  as  at  Hurlet  inappli- 
cable, as  already  explamed ; the  pans  are  ten  feet  long, 
fom'  feet  nine  inches  wide,  two  feet  two  inches  deep 
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at  one  end,  and  two  feet  eight  inches  at  the  other. 
In  these  lead  pans  the  liquor  is  rapidly  concentrated 
by  a fire  at  one  end,  the  flue  of  which  runs  along  in 
parallel  channels  under  a plate  or  course  of  brickwork 
on  which  the  pans  rest.  Every  morning  the  pans 
are  emptied  into  a settling  cistern  of  stone  or  lead. 
The  specific  gravity  of  the  liquor  should  he  about 
1‘40  to  1'50;  this  density  must  vary,  however,  with 
different  kinds  of  lixivia,  and  according  to  the  views 
of  the  manufacturer.  Fora  liquor  which  consists  of 
two  parts  of  sulphate  of  alumina  and  one  of  sulphate 
of  iron,  a specific  gravity  of  1‘25  may  be  sufficient; 
but  for  a solution  of  one  part  of  sulphate  of  alumina 
and  two  parts  of  sulphate  of  iron,  which  latter  is  to 
be  abstracted  by  crystallization,  a density  of  1‘40  is 
requisite 

Preparation  of  the  Powder. — From  the  eva- 
porating basins,  the  liquor  is  run  into  the  flom:  or 
powder  cisterns,  in  which  the  sulphate  of  alumina  is 
combined  with  potassa  or  ammonia — the  flux  or  pre- 
cipitating substance — in  such  a manner  as  to  effect  the 
first  purification  of  the  alum.  The  alum  is  only  very 
slightly  soluble  in  the  cold  mixture  of  the  liquor  with 
the  solution  of  the  precipitating  substance,  and  for  this 
reason  the  greater  portion  of  it  separates  in  the  form 
of  minute  crystals,  or  flour,  from  the  solution;  the 
agitating  motion  given  to  the  liquor  in  the  cisterns 
favors  the  formation  of  the  crystals.  To  obtain  the 
largest  yield  of  flour,  it  is  necessary  to  add  the  pre- 
cipitating solution  as  strong  as  possible,  which  is  done 
by  dissolving  it  in  the  least  quantity  of  boiling  water. 
The  proper  amount  of  the  precipitant  should  be  deter- 
mined, as  near  as  possible,  by  a preliminary  experi- 
ment on  the  small  scale ; but  still  these  data,  though 
they  serve  to  give  an  idea  of  the  quantity,  do  not  cor- 
respond always  with  the  extensive  operations  of  the 
manufacturer;  so  that  even  when  previous  experi- 
ments are  made,  to  ascertain  the  true  quantity  to 
be  added,  much  caution  is  necessary  when  operating 
on  the  whole  bulk  of  mother  liquor,  as  an  excess  of 
the  precipitant  may  often  cause  much  future  incon- 
venience and  labor.  The  best  precipitating  substances 
are  potassa  or  ammoniacal  salts,  as  they  form  alums 
which  are  very  insoluble  in  cold  water;  only  9 '25  parts 
of  the  potassa  alum,  and  9 '16  parts  of  the  ammonia 
alum  being  dissolved  by  a hundred  parts  of  water  at 
50°  Fahr.  Soda  salts  are  very  disadvantageous  preci- 
pitating agents  in  the  formation  of  alum,  on  account  of 
the  great  solubility  of  the  resulting  compound,  forty- 
six  parts  of  which  are  dissolved  by  a hundred  of  water 
at  50°  Fahr.,  and,  therefore,  they  are  seldom  used. 

In  the  event  of  potassa  salts  being  employed,  pre- 
ference is  given  to  the  chloride  of  potassium  or  sul- 
phate of  potassa ; of  the  latter,  50-9  parts  are  required 
to  precipitate  one  hundred  parts  of  sulphate  of  alumina, 
from  which  results  three  himdred  and  thirty -four  parts 
of  crystallized  alum.  The  preceding  enumerated  tests, 
however,  will  not  answer  in  the  factory,  because  the 
mother  liquor  is  indefinite-  as  to  the  amount  of  im- 
purities which  accompany  the  aluminous  sulphate. 
To  show  the  nature  of  this  more  clearly,  let  it  he 
supposed  that  the  mother  liquor  is  saturated  with  sul- 
phate of  iron  and  sesquisulphate  of  alumina,  and  that 
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its  temperature  is  50°  Fahr.  In  this  case,  it  will  con- 
tain, for  every 

100'  parts  of  water, 

33-2  parts  of  anhydrous  protosulphate  of  iron,  and 
33-5  parts  of  anhydrous  sesquisulphate  of  alumina. 

To  precipitate  these  products,  17' 1 parts  of  neutral 
sulphate  of  potassa  are  required,  for  the  solution  of 
which,  sixty-six  parts  of  boiling  water  will  be  necessary. 

On  mixing  this  solution  with  the  lie,  ninety-six  parts 
of  alum  will  he  produced,  together  with  the  accumu- 
lated water  of  the  lie  and  precipitant,  wliich,  collectively, 
will  amount  to  one  hundred  and  sixty-six  parts.  Of 
the  ninety-six  parts  of  alum  formed,  only  sixteen  can 
remain  in  solution  after  the  liquid  has  cooled  to  the 
primary  temperature  of  50°  F ahr. ; therefore,  eighty 
parts  will  separate  in  the  crystallized  state ; but,  in 
practice,  this  quantity  diminishes  according  to  the  less 
saturated  state  of  the  lie.  Since  chloride  of  potassium 
is  more  soluble  in  boiling  water  than  the  sulphate  of 
potassa,  it  is  preferable  for  precipitating  the  alum  flour ; 
the  chloride  is  soluble  in  two  parts  of  boiling,  and  in 
three  parts  of  cold  water,  and  hence  the  mixture  may 
be  made  in  the  cold. 

In  the  instance  cited  above,  the  33‘5  parts  of  sul- 
phate of  alumina  would  require  14'5  parts  of  chloride 
of  potassium  for  precipitation,  which  would  be  taken 
up  by  26'2  parts  of  boiling  water,  and  produce  96'5 
parts  of  alum. 

The  mixture  being  made,  and  the  precipitate  sub- 
sided, twelve  parts  of  the  alum  would  be  held  in  solu- 
tion, so  that  only  84 '5  parts  of  flour  are  thrown  down  in 
the  solid  form.  If  the  same  quantity  of  the  chloride 
of  potassium  be  dissolved  in  cold  water,  forty-six  parts, 
at  50°  Fahr.,  will  be  required,  which,  when  added  to 
the  23'5  parts  of  sulphate  of  alumina  in  solution,  will 
yield  eighty-four  parts  of  alum  as  a precipitate,  while 
13’8  remain  dissolved : in  both  cases,  the  difference  is 
immaterial  whether  the  precipitant  be  dissolved  in  hot 
or  cold  water. 

Another  precipitant  which  is  used  with  much  advan- 
tage, on  account  of  its  great  solufcihty,  is  sulphate  of 
ammonia;  it  is  soluble  in  two  parts  of  water,  hut  the 
alum  obtained  when  the  sesquisulphate  of  alumina 
is  precipitated  with  it,  is  less  than  when  the  potassa 
salts  are  employed,  in  the  proportion  of  100 : 95’6. 
The  reason  of  this  is,  that  the  atomic  weights  of  these 
two  bodies  differ,  the  hydrate  of  ammonia  being  26, 
while  the  potassa  is  47. 

To  recm-  to  the  foregoing  example,  the  33'5  parts  of 
sulphate  of  alumina  will  take  15'8  parts  of  sulphate 
of  ammonia  to  form  with  them  87'7  parts  of  alum,  of 
which  77  parts  are  precipitated,  and  only  10'6  retained 
in  the  solution ; thus,  the  disadvantage  arising  from  the 
lesser  equivalent  of  ammonia-alum  is  counterbalanced 
by  the  greater  solubility  of  the  ammoniacal  salt  as  a 
precipitating  agent. 

The  sulphate  of  potassa — ^foFthe  use  of  alum-makers 
— is  obtained  as  a secondary  product  in  the  manufacture 
of  nitric  acid,  and  in  the  purification  of  potassa,  and  the 
crude  carbonate  of  that  alkali : thus  produced,  it  is  a bisul- 
phate of  potassa,  the  composition  of  which  is  expressed 
by  the  symbols  H 0,  S 0,,  K 0,  S O3,  and  cannot  be  em- 
ployed as  such  tOl  the  excess  of  acid  is  neutralized  by 
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fresh  additions  of  the  caustic  or  carbonated  alkali  to 

yellow  powder,  and  contaminate  the  alum  flour.  As 

form  a neutral  sulphate  of  the  composition,  K 0,  S O3. 

an  excess  of  the  chloride  of  potassium  would  convert 

In  no  other  case  can  the  caustic  alkali,  or  carbonate. 

the  sulphate  of  alumina  into  chloride  of  aluminum, 

be  employed  in  the  preparation  of  the  alum  flour,  for  if 

a result  which  would  entail  a loss,  he  recommends 

no  free  acid  be  present  to  unite  with  it  when  added,  it 

that  the  he  should  be  examined  before  each  opera- 

would  invariably  throw  down  a basic  double  sulphate 

tion,  wdth  a view  to  determine  the  proper  amount  of 

of  alumina  and  potassa,  which  is  insoluble  in  water. 

chloride  to  be  added,  as  it  happens  that  the  quantity  re- 

though  redissolved  by  a further  addition  of  bisulphate 

quired  to  precipitate  the  whole  of  the  alumina  as  alum. 

of  potassa.  A greater  or  less  quantity  of  this  compound 

seldom  or  never  meets  with  sufficient  sulphate  of  iron 

is  always  formed  during  the  evaporation  of  the  liquors. 

in  the  lie  to  be  converted  into  sulphate  of  potassa.  This 

in  consequence  of  the  iron  present  abstracting  some  of 

examination  is  conducted  as  follows : — A saturated 

the  acid,  but,  as  in  the  preceding,  a slight  addition  of 

solution  of  the  precipitating  salt  is  taken  and  added 

the  bisulphate  of  potassa  redissolves  it. 

from  a burette,  or  other  graduated  vessel,  to  a mea- 

Knapp  recommends  that  the  purification  ot  crude 

sured  quantity  of  the  liquor,  the  mixture  being  briskly 

potassa  and  its  carbonates  should  be  conducted  on  the 

agitated  at  each  addition ; successive  portions  of  the 

same  premises  with  the  alum-works,  for  the  purpose  of 

reagent  are  to  be  poured  in  as  long  as  the  flour  thrown 

turning  to  use  the  bisulphates  and  chloride  formed  in 

down  increases  in  quantity,  and  when  no  further  preci- 

this  operation  as  precipitants  of  the  alum.  With  regard 

pitation  is  observed,  the  number  of  measures  is  read  off. 

to  the  latter  salt,  he  says  it  is  of  greater  importance 

which,  for  sufficient  acciuacy  on  the  large  scale,  will 

than  the  sulphate,  inasmuch  as  it  efiects  the  decom- 

stand  for  the  amount  of  solution  required  to  precipitate 

position  of  the  sulphates  of  iron,  giving  rise  to  sulphate 

a certain  amount  of  the  liquor;  by  this  means,  the  tedi- 

of  potassa,  and  chlorides  of  iron,  which  are  highly 

ous  process  of  weighing  is  avoided.  If  sulphate  of 

deliquescent  salts,  and  from  which  the  alum  flour 

potassa  has  been  employed,  from  its  difficult  solubility 

can  be  removed  with  greater  ease  and  perfection  than 

in  the  cold  it  may  precipitate  during  the  cooling  of  the 

from  the  sulphates  of  this  metal.  But  the  decided 

liquor,  apparently  increasing  the  bulk  of  the  precipitate. 

advantage  attending  the  use  of  the  chloride,  is  when  a 

and  giving  rise  to  an  error  in  the  calcrJation.  To  avoid 

sesquisulphate  of  iron  is  present  in  the  lie,  as  this  salt. 

this  source  of  inaccuracy,  it  is  best  to  employ,  as  the 

in  combination  with  sulphate  of  potassa,  forms  a diffi- 

testing  liquor,  a saturated  solution  of  sulphate  of  am- 

cultly  soluble  though  not  insoluble  double  salt — ^basic 

monia,  which  being  very  soluble,  both  in  hot  and  cold 

iron  alum — which  would  precipitate  in  the  form  of  a 

water,  no  precipitation  of  this  reagent  can  take  place ; 

Fiff.  90.  j 

I^Hil 

1 

one  part  ot  the  ammoniacal  salt  is  equivalent  to  1‘32  parts 

in  use,  is  the  liquor  from  the  gas-works  where  coals  are 

of  sulphate  of  potassa,  or  1'13  of  chloride  of  potassium. 

distUled ; this  is  converted  into  sulphate  of  ammonia. 

Clfloride  of  potassium,  for  the  use  of  the  alum-maker. 

either  by  the  addition  of  sulphuric  acid  directly,  or  by 

is  obtained  in  large  quantities  from  the  waste  liquor  of 

the  decomposition  of  sulphate  of  lime  or  iron,  which  has 

the  soap-works — soap-boiler’s  waste — from  saltpetre  re- 

the  effect  of  converting  the  ammonia  into  sulphate,  as  -will 

fineries,  and  from  the  glass-houses.  Wood  ashes  should 

be  subsequently  described.  The  crude  ammoniacal  liquor 

never  be  used  in  the  manufacture,  on  account  of  tlie 

obtained  from  the  manufacture  of  chloride  of  ammonium. 

lime  which  they  invariably  contain. 

by  the  destructive  distillation  of  animal  matters,  may  be 

The  most  fruitful  source  of  the  ammoniacal  reagent 

employed  with  equal  advantage  for  the  same  purpose. 

1 " 
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At  Mr.  King’s  works,  Loth  at  Campsie  and  Hurlet, 
only  potassa-alum  is  fabricated,  and  the  chloride  of 
potassium  is  used  as  the  precipitating  agent.  At  Messrs. 
Wilson’s  factory,  a large  proportion  of  ammonia-alum 
is  made,  and  most  of  the  liquor  from  the  gas-works  in 
Glasgow,  Paisley,  and  neighborhood  is  used  for  this 
purpose : when  the  works  are  in  full  operation,  two 
thousand  gallons  of  the  gas  liquor  are  consumed  daily 
in  yielding  the  ammonia,  which  is  converted  into  sul- 
phate with  vitriol  made  on  the  premises. 

Having  prepared  the  aluminous  liquor  as  already  in- 
structed, in  the  evaporating  furnaces,  and  ascertained 
the  content  of  salts  per  gallon,  the  concentrated  solution 
of  the  precipitant  being  at  hand,  the  crystalline  flour 
is  precipitated  by  gradually  adding  it  to  the  aluminous 
solutions,  the  mixture  being  kept  briskly  agitated  for 
some  time,  till  the  whole  of  the  powder  is  thrown  down. 
A slanting  plane  is  fixed  adjacent  to  the  precipitating 
vessels,  on  which  the  workmen  shovel  the  subsided 
powder,  for  the  purpose  of  freeing  it  from  the  impure 
mother  liquor  of  the  vessel ; the  portion  of  lie  adheiing 
to  the  crystals  drains  off,  and  runs  back  to  the  mother 
liquor;  still  it  does  not  wholly  separate  by  this  means,  a 
small  portion  being  mechanically  retained  by  the  mass 
of  powder,  which  produces  the  brownish-yellow  color 
of  the  crystals  after  the  first  draining.  To  remove  the 
color,  recourse  is  had  to  another  process  called  washing. 
For  this,  it  is  sufficient  to  stir  the  powder  with  a small 
quantity  of  water  in  an  appropriate  tank  or  vat.  The 
impurity  mixed  with  the  crystals  is  taken  up  by  the 
water,  as  hkewise  a small  portion  of  the  alum,  and 
when  the  substance  has  subsided,  the  liquor  is  drawn 
off  by  means  of  a siphon ; two  washings  are  found  suffi- 
cient to  separate  all  adhering  foreign  soluble  bodies. 
The  water  employed  in  washing  the  flour  should  be  of 
as  low  a temperature  as  possible,  as  the  quantity  of 
alum  dissolved  out  is  in  proportion  to  the  temperature 
of  the  water. 

Fig.  90  is  a view  of  the  precipitating  and  crystalliz- 
ing cisterns  at  one  of  the  Hurlet  works ; they  are  con- 
structed of  stone,  well  adjusted  and  embedded  in  tem- 
pered clay,  on  a site  contiguous  to  the  evaporating 
furnaces.  Having  ascertained  the  quantity  of  sulphate 
of  alumina  per  gallon  in  the  concentrated  liquor  in  those 
boilers,  their  whole  bulk  of  lie  is  found  by  gaging,  at 
the  temperature  of  60°.  A con-esponding  amount  of 
chloride  of  potassium,  or  sulphate  of  ammonia,  is  then 
weighed  out  and  placed  in  one  of  the  cisterns,  after 
which  the  plug  is  removed  from  the  boiler,  and  the 
liquor  conducted  along  stoneware  gutters  to  the  coolers 
till  it  flows  upon  the  heap  of  chloride.  Sometimes  the 
latter  is  gradually  added  to  the  liquor  as  it  flows  along 
in  the  gutters.  Towards  the  end  the  mixture  is  well 
agitated  to  insure  a complete  solution  of  the  alkaline 
salt  and  a uniform  state  of  the  liquor.  In  four  or  five 
days,  when  the  plug  is  drawn  out  from  the  cistern  and  the 
mother  liquor  run  off,  the  bottom  and  sides  of  the  cooler 
are  found  lined  with  crystals  of  alum,  generally  some 
inches  in  thickness.  This  is  called  first  alum,  and  is 
removed  from  the  vessel  to  the  draining  stage,  which 
is  a raised  platform  in  a sloping  position,  so  that  the 
mother  liquor  drains  off  from  the  heap,  as  shown  in 
Fig.  91. 


The  first  alum  having  been  drained,  is  now  washed 
to  remove  as  much  of  the  mother  liquor  from  it  as  pos- 
sible. For  this  purpose,  tubs  are  filled  with  second 
alum  mothers,  or  liquor  which  has  been  used  in  wash- 


Fig.  91. 


ing  in  a subsequent  part  of  the  process ; and  the  alum, 
placed  in  wooden  sieves,  is  rinsed  in  this  liquor,  and 
thrown  on  the  stage. 

The  second  alum  boiler,  which  is  a deep  stone  cistern 
covered  with  wood — Fig.  92 — is  then  prepared,  by  run- 
ning in  a quantity  of  liquor  which  had  been  previously 
used  in  washing  the  second  alum ; steam  is  next  intro- 
duced, tin  the  menstruum  has  nearly  attained  its  boiling 
point,  when  the  washed  and  drained  crystals  are  thrown 

Fig.  92. 


in,  and  constant  agitation  kept  up.  This  is  continued 
tUl  as  much  alum  has  been  added  as  will  increase  the 
specific  gravity  to  60°  Twaddle,  and  the  temperature  is 
raised  as  much  as  possible  by  the  steam,  which  is  then 
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sLut  off,  and  the  boiler  being  closely  covered  up,  the 
liquor  is  allowed  to  remain  at  rest  for  twelve  hours,  for 
all  the  impurities  to  settle ; the  plug  is  then  removed, 
and  the  clear  liquor  runs  off  to  the  second  alum  coolers, 
which,  like  the  preceding,  are  sunk  stone  cisterns.  In 
these  it  remains  for  four  or  five  days,  when  the  sides  and 
bottom  are  found  lined  with  alum,  now  nearly  white, 
to  the  thickness  of  eight  or  nine  inches.  The  small 
cup-hke  clusters  of  second  alum  crystals,  which  form  on 
the  surface  of  the  coolers  at  this  stage  of  the  process, 
and  successively  fall  to  the  bottom,  assume  the  beauti- 
ful appearance  exhibited  in  Fig.  93.  The  mother  lie, 


Fig.  93. 


which  should  have  a specific  gravity  of  26“,  is  re- 
moved, and  used  for  washing  up  the  first  alum  as 
already  described ; and  the  crystals,  being  broken  up, 
are  affused  with  pure  water,  and  drained,  previous  to 
the  finishing  process. 

Crystallization. — The  powder  or  alum  flour,  of 
minute,  or  imperfect  crystals,  prepared  as  before  men- 
tioned, is  very  seldom  sent  to  market  as  such,  the  con- 
sumers of  the  article  preferring  to  use  the  salt  in  the 
form  of  large  crystals;  they  satisfy  themselves  likewise, 
that  it  is  less  liable  to  be  adulterated  with  any  other 
. impurities  when  in  a well-defined  crystalline  state,  than 
! if  it  were  amorphous. 

{ Crystallization  of  the  alum  flour,  to  answer  the  de- 
mand of  the  manufacturers  who  require  it,  and  for  sale 
to  the  public,  is  effected  by  dissolving  it  in  as  little 
boiling  water  as  possible,  and  when  no  more  of  the 
substance  is  taken  up,  the  saturated  solution  is  run 
into  crystallizing  vessels,  which  are  denominated  rock- 
ing casks,  or  growing  vessels.  Steam  is  better  adapted 
than  water  for  the  purpose  of  dissohdng  the  flour.  A 
large  wooden  vessel,  lined  with  sheet-lead,  is  provided 
for  this  purpose,  and  in  the  interior  the  powder  is  sus- 
tained occasionally  on  perforated  shelves,  so  that  the 
steam  which  issues  from  the  pipe  that  enters  at  the 
bottom  may  have  more  extensive  contact  with  it,  and 
thus  dissolve  it  more  readily.  As  the  steam  penetrates 
through  the  several  diaphragms  bearing  the  powder, 
part  is  dissolved ; that  which  is  liquefied  in  the  upper 
ones  is  concentrated  by  the  hot  steam  as  it  falls  down 
to  the  bottom  of  the  vessel,  and  being  hot,  it  is  at  once 
run  into  the  vessels  for  crystallization. 

Fig.  94  is  a drawing  representing  the  rocliing-pan 
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which  is  usually  found  in  the  extensive  alum  factories 
of  England  and  Scotland ; it  works  on  the  above  prin- 
ciple, and  is  therefore  advantageous  in  rendering  a 
subsequent  evaporation  unnecessary.  It  is  a large 
covered  leaden  cistern,  into  which  steam  is  forced,  and 
the  alum  is  shovelled  in  to  meet  it ; a solution  takes 
place  rapidly,  without  any  addition  of  water.  The 
temperature  of  this  solution  having  reached  96°,  the 
heat  is  raised  as  high  as  possible,  generally  to  224° 
Fahr.,  and  the  steam  being  shut  off,  the  pan  is  closely 
covered  up,  and  allowed  to  remain  at  rest  for  four  or 
five  hours,  or  till  the  temperature  has  fallen  to  about 
200°  Fahr.  The  water  which  has  been  used  for  wash- 
ing the  crystals,  is  again  taken  for  washing  the  first 
alum,  as  above. 

At  Valmunster,  this  operation  is  carried  on  in  vessels 
constructed  as  follows: — The  wooden  troughs  are  lined 
with  lead  in  the  ordinary  way,  but  are  closed  by  a lid 
in  which  are  two  openings;  one  of  the  openings  re- 
ceives the  steam-pipe,  and  the  other  a wide  leaden 
funnel.  The  sides  of  the  funnel  are  perforated  with 
small  holes,  three  hundred  of  which  are  inserted  in 
every  square  foot  of  surface.  In  this,  funnel  the  alum 
flour  is  placed,  and  the  steam  injected  through  the 
pipe,  in  seeking  to  escape  through  the  apertures  in  the 
funnel,  dissolves  the  powder ; tlie  solution  trickles  to 
the  bottom  of  the  vessel  at  a temperature  of  212°.  At 
the  termination  of  the  process,  a modicum  of  undis- 
solved basic  alum  is  left  in  the  funnel,  which  is  added 
to  some  concentrated  liquor  ready  for  precipitation  by 
sulphate  of  potassa,  and  is  redissolved  as  before  stated. 
During  the  time  the  flour  is  dissolving  in  the  roehing 
vessel,  the  crystallizers  are  being  prepared,  and  the 
aluminous  solution,  of  a density  about  L485  to  1‘515, 
is  run  into  them  by  appropriate  means. 

These  crystallizers  are  large  wooden  casks,  five  to 
eight  feet  high,  three  or  four  feet  in  diameter  at  the 
top,  and  tapering  in  a somewhat  conical  form  towards 
the  bottom.  The  staves  of  these  casks  are  very  strong, 
nicely  adjusted,  lined  with  sheet-lead,  and  held  toge- 
ther by  means  of  strong  iron  hoops,  which  are  ham- 
mered on  when  required  for  use,  and  may  be  as  easOy 
removed. 

Fig.  95  is  a view  of  these  easks  arranged  in  the 
crystallizing  shed,  over  each  of  which  a spout  is  fur- 
nished for  filling  them  with  the  hquor.  Some  of  the 
casks  are  represented  as  on  the  point  of  being  charged, 
while  in  others  the  crystallization  is  completed,  and 
from  which  the  staves  are  being  taken  off.  When  the 
casks  are  charged,  they  are  covered  up,  each  vrith  its 
own  lid.  Being  allowed  to  remain  for  four  or  five  days, 
according  to  the  state  of  the  weather,  the  hoops  are 
loosened  and  the  staves  removed ; a crust  of  alum  is 
formed,  which  is  sufficiently  strong  to  resist  the  pres- 
sure of  the  interior  liquor.  In  this  state  they  are  left 
for  a fortnight,  in  order  to  allow  the  whole  of  the 
crystallizable  salt  to  form.  The  workmen  then  pierce 
a few  holes  in  the  sides  of  the  column  with  an  axe,  so 
that  the  mother  liquor  in  the  interior  may  flow  out 
into  the  gutters  in  the  stone  floor,  which  conduct  it 
into  an  appropriate  cistern,  whence  it  is  pumped  up  to 
dissolve  fresh  quantities  of  the  prepared  alum  flour, 
and  recrystaUized  as  indicated.  I^en  the  roehing 
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casks  are  dismantled,  and  the  alum  of  the  upper  part  considerable  quantity  of  white  slime  mixed  with  small 
removed,  there  is  invariably  found  at  the  bottom  a octahedral  crystals  of  alum.  A quantity  of  this  slime, 


Fig.  94. 


well  washed,  gave  the  following  centesimal  composi- 
tion : — 


Per  Cent. 

39-40 

31-80 

10-03 

16-70 

Insoluble  matter, 

2-07 

analysis,  a good  idea  can  be  formed  of  the  principal 
bodies  remaining  in  the  mother  liquor,  and  the  subse- 
quent application  of  it  to  the  formation  of  secondary 
products ; for  instance,  if  free  acid  should  be  detected 
in  the  lie,  it  may  be  employed  to  neutralize  crude  car- 

Fig.  95. 


100-00 

On  examining  the  insoluble  portion,  it  was  found  to 
contain 


Per  Cent. 

73-79 

Alumina,  with  a trace  of  iron,.. 

....  21-83 

3-49 

...  -89 

100-00 

The  mother  liquor  which  remains  after  the  separation 
of  the  alum,  is  composed  of  solutions  of  sesquisulphate 
and  protosulphate  of  iron,  chlorides  of  iron,  sulphate 
of  magnesia,  and  alkaline  sulphates ; and  when  soap- 
boiler’s waste  has  been  used  as  the  precipitating  agent, 
it  contains,  in  addition  to  the  foregoing,  soda  alum  in 
moderate  quantities ; if  bisulphate  of  potassa,  saturated 
with  wood  ashes,  has  been  employed,  the  liquor  will 
contain  some  sulphuric  acid,  and  other  ingredients,  in 
small  proportions.  By  knowing  the  nature  of  the  alum 
shale,  or  ore,  in  the  first  instance,  from  a chemical 


bonate  of  ammonia  from  the  gas-works,  to  procure 
sulphate  of  ammonia;  or,  if  much  iron  be  present  in 
the  acid  liquor,  a further  addition  of  borings  of  iron, 


or  old  iron,  is  added,  and  in  this  way  sidphate  of  iron 
for  manufacturing  purposes  is  formed.  Should  the 
mother  liquor  contain  large  quantities  of  the  mixed  chlo- 
rides of  iron,  it  may  be  evaporated  to  dryness,  and  the 
dry  mass  heated  to  redness  in  a reverberatory  furnace 
to  di-ive  off  the  hydrochloric  acid,  and  thus  sesquioxide 
of  iron  which  may  be  used  as  a pigment  is  obtained. 

Even  sulphate  of  magnesia — Epsom  salt — is  manu- 
factured from  the  mother  liquors  of  the  ores. 

The  mass  of  alum  is  cut  into  square  blocks  for 
market,  when  it  will  be  found  interiorly  to  consist  of 
beautiful  large  octahedral  crystals,  similar  to  Fig.  96, 
which  project  from  the  sides  and  cover  of  the  vessel. 


Fig.  96. 


For  some  purposes  the  alum  is  preferred  in  the  form 
of  a fine  powder  or  flour,  and  in  this  state,  therefore,  a 
portion  is  prepared  for  the  market.  Fig.  97  is  a 
sketch  of  the  machinery  usually  employed  at  the  alum- 
works  for  this  purpose.  The  alum,  reduced  to  coarse 


Fig.  97. 


fragments,  is  crushed  beneath  a pair  of  ponderous 
wheels  or  rollers,  of  cast-iron,  one  of  winch  is  rough  or 
fluted  on  the  rim,  and  the  other  perfectly  smooth.  These 
traverse  in  a circle,  and  the  alum  is  constantly  pushed 
into  the  path  of  their  revolution  by  two  vertical  re- 
VOL.  I. 


volving  blades,  one  of  which  sweeps  it  inward,  and  the 
other  outward.  The  grooved  roller  crushes  the  larger 
fragments  before  they  are  subjected  to  the  action  of  the 
smooth  surface  of  the  other.  Wlien  one  charge  is  thus 
reduced  to  powder,  it  is  shovelled  out  by  an  attendant 
to  make  room  for  a new  supply ; and  the  powder  is 
passed  by  hand  into  a hollow  cylindrical  sieve,  shown 
at  the  right  hand  of  the  figure.  The  lower  portion,  or 
belly  of  the  cylinder,  which  lies  in  a slightly  inchned 
position,  consists  of  fine  wire-gauze ; the  upper  con- 
vexity is  made  of  white-iron.  This  is  smrounded  by 
wooden  hoops,  to  which  are  attached  brushes  that  pass 
into  the  interior  of  the  cylinder.  An  oscillating  motion 
is  given  to  the  latter,  and  that  portion  of  the  alum 
powder  which  has  been  reduced  to  a state  of  sufficient 
fineness,  is  driven  by  the  action  of  the  brushes  through 
the  sieve,  from  which  it  falls  in  a beautiful  white  flour 
into  a box  below — the  coarser  particles  passing  onward 
to  the  other  end  of  the  cylinder,  to  be  again  subjected 
to  the  action  of  the  crushing  rollers.  From  one-tenth 
to  one-eighth  of  the  produce  of  the  Scotch  alum-works 
is  sent  to  market  in  this  form,  in  which  it  is  easier  of 
solution,  and  therefore  more  convenient  for  some  of  the 
numerous  processes  to  which  it  is  applied  in  the  arts. 

Production  of  Alum  from  Rocks  containing 
Alumina. — Alum  has  been  produced  from  various 
rocks  of  which  alumina  forms  a constituent,  by  a pro- 
cess similar  to  that  which  naturally  gives  rise  to  this 
body  in  volcanic  districts.  The  operation  is  confined 
to  one  or  two  isolated  works  on  the  Continent,  and 
those  are  conducted  in  juxtaposition  with  metallurgic 
operations  where  sulphurous  acid  is  in  abundance.  At  I 
Lintz,  on  the  Rhine,  where  there  is  a spelter-work, 

[ and  plenty  of  zincblende — sulphide  of  zinc — the  sul- 
phurous acid  evolved  during  the  roasting  of  the  ore 
is  conducted  over  the  aluminous  mineral  moistened 
vnth  water.  Basalt  and  copper  slate  are  the  materials 
employed,  and  when  these  are  exposed  to  the  action  of 
the  gas,  and  sufficient  moisture  and  air,  decomposition 
ensues ; sulphate  of  alumina,  with  sulphates  of  iron  and 
copper,  are  formed,  which  are  separated  from  the  in- 
soluble residue  by  steeping  with  water,  and  the  subse- 
quent treatment  for  obtaining  the  alum  is  on  the  same 
principle  as  those  methods  which  have  heen  already 
described.  In  such  operations  there  is  always  a quantity 
of  soda  alum  produced,  on  account  of  the  presence  of 
this  alkah  in  the  basaltic  mineral.  The  soda  alum  is 
formed  from  the  commencement,  and  the  amoimt  cor- 
responds of  course  with  that  of  the  soda  in  the  mine- 
ral, which  in  many  basalt  rocks  is  from  five  to  six  per 
cent. 

Alum  from  Clay. — Chaptal  and  Alban,  in 
France,  pursued  a different  course  for  the  prepara- 
tion of  alum  from  clay.  Clay  consists  of  basic  silicate 
of  alumina,  or  silicate  of  alumina  with  free  alumina, 

Alj  Og  3 Si  Og  -|-  Alg  O3  3 H 0 (?),  and  by  the  action  of 
sulphuric  acid,  sulphate  of  alumina  is  formed  with  sepa- 
ration of  silicic  acid.  Plastic  or  pipe-clay  answers  the 
purpose  best;  but  that  the  acid  may  more  readily 
penetrate  the  mass,  the  clay  is  submitted  to  a pre- 
vious calcination  to  increase  its  porosity,  and  more  fully 
oxidise  the  iron  which  it  may  contain.  Fresh  clay, 
when  employed,  requires  .i  considerably  longer  time 
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than  when  it  is  calcined  and  pulverised  previously  to 
the  addition  of  the  acid ; if  it  be  found  requisite,  the 
ground  material  is  sifted.  Forty-five  per  cent,  of  the 
weight  of  the  clay  of  sulphirric  acid,  of  45°  B.,  is  poured 
upon  it  in  a cistern  which  is  heated,  by  the  superabun- 
dant caloric  from  the  calcining  furnace,  to  about  158° 
Fahr.  Decomposition  ensues,  and  the  mass  assumes  a 
greater  consistency  from  the  liberation  of  sificic  acid ; in 
this  state  the  contents  of  the  cistern  are  removed  to  the 
open  air,  where  they  are  allowed  to  remain  for  a space 
of  some  months,  to  allow  of  the  complete  disintegration 
of  the  clay  by  the  acid.  The  mass  is  afterwards  lixivi- 
ated, and  the  sulphate  of  alumina  treated  as  in  ordinary 
cases.  Clay,  with  as  little  iron  and  lime  as  possible, 
should  be  selected.  Some  manufacturers  employ  large 
shallow  troughs,  lined  with  lead,  and  heated  from  below 
by  flues,  for  the  purpose  of  mixing  the  prepared  clay 
with  sulphuric  acid,  in  which  it  is  frequently  turned 
over  until  the  acid  has  combined  with  its  alumina.  In 
this  part  of  the  operation  an  improvement  has  been 
lately  effected,  which  consists  of  distributing  the  clay 
upon  a shallow  circular  trough,  and  permitting  the  pro- 
per quantity  of  acid  to  flow  in  several  small  jets  from  a 
cistern  placed  above,  whUe  a rouser,  worked  by  machi- 
nery, mixes  the  clay  and  acid  thoroughly.  In  this  way 
a more  speedy  combination  is  effected,  than  in  the 
forementioned  method.  After  the  termination  of  the 
action  of  the  acid,  the  contents  of  the  cistern  are 
removed  to  the  stone  pit,  a,  Fig.  98,  where  they  are 


treated  with  successive  quantities  of  water,  to  extract 
the  sesquisulphate  .of  alumina.  Each  lie  is  siphoned  off 
into  the  pipes,  h h,  which  convey  it  to  the  evaporating 
pans,  to  be  boiled  down  to  the  proper  strength  for  pre- 
cipitating with  the  alkaline  salt.  When  this  point  is 
attained,  the  liquor  is  pumped  up  into  the  stone  pit,  c, 
which  is  similar  to  a,  already  described,  and  called 
the  precipitating  vat ; here  the  appropriate  addition  of 
sulphate  of  potassa  is  made.  On  agitating  tire  solution, 
the  alum  "powder  precipitates ; this  is  allowed  to  sub- 
side, and  the  mother  liquor  is  di’awn  off  to  the  pipes, 
ddi  by  a siphon.  If  the  mother  liquor  be  not  very 
impure,  it  is  employed  for  a subsequent  precipitation. 
The  precipitated  alum  is  washed  in  the  cistern,  c,  with 
successive  small  portions  of  water,  each  liquor  being 
drawn  off  repeatedly  in  the  same  way  as  the  mother 
liquor. 

When  the  powder  is  purified  by  repeated  washings, 
it  is  ladled  out  into  the  funnel-shaped  vessel,  e,  where 
it  is  very  economically  dissolved,  by  injecting  steam 
upon  it  through  the  pipe,  f,  and  the  saturated  solution 
of  alum  descends  to  the  crystallizing  frame,  h,  through 
the  pipe,  g. 

The  evaporation  of  the  various  liquors  is  conducted 
in  boilers  lined  with  lead,  by  means  of  convoluted 
steam  pipes  placed  in  the  liquid.  This  plan  of  con- 
centration of  the  liquid  is  found  to  be  best  adapted 
for  such  Kquors,  as  well  as  being  cheaper. — Knapp. 

Mr.  Taylor,  of  Bristol,  proceeds  in  making  alums 


from  pipe-clay,  by  calcining  it  in  the  usual  way,  and 
tlien  treating  it  with  its  own  weight  of  sulphuric  acid, 
of  specific  gi’avity  1-200,  in  a large  tub,  upon  the  bottom 
of  which  a steam-pipe  is  coiled  for  the  purpose  of  heat- 
ing the  mixture  to  about  200°  or  212°  Fahr.,  and  some 
furnace  clinkers  and  pieces  of  pottery,  or  other  matters, 
are  also  strewed  upon  it  to  facilitate  the  filtration  of  the 
solution  of  sulphate  of  alumina.  After  the  mixture  of 
clay  and  acid  has  been  heated  for  twelve  hours,  the 
solution  is  drawn  off  through  a pipe  at  the  bottom  of 
tlie  tube  to  the  precipitating  vats  at  a density  of  1-300. 

From  Felspar. — This  mineral,  which  is  a double 
silicate  of  alumina  and  potassa — Al^  Og  3 Si  0^  -|-  K 0 
Si  Og — ^is  decomposed  by  sulphate  of  potassa  in  a re- 
verberatory furnace,  and  then  fused  with  carbonate  of 
potassa  to  a glass  ; on  treating  this  with  boiling  water, 
decomposition  follows,  a soluble  silicate  of  potassa  dis- 
solves, while  an  insoluble  double  silicate  remains.  The 
insoluble  portion,  when  treated  with  boiling  sulphuric 


acid,  is  decomposed  into  alum,  and  silica  separates.  The 
alum  is  dissolved  out  by  water,  and  the  solution  eva- 
porated for  crystallization ; the  soluble  alkaline  silicate 
may  be  turned  to  accormt  by  combining  the  silica  with 
lime. 

Turner  was  the  first  to  carry  out  the  proposition  of 
Sprengel,  of  converting  felspar  into  alum.  A patent 
was  granted  to  him  in  1842  for  his  process,  which  he 
describes  in  his  specification  as  follows: — If  desirous 
of  making  potassa  alum,  the  best  substance  to  operate 
upon  is  a potassa  felspar.  This  felspar  is  ground  in  a 
common  edgestone  miU,  till  the  powder  is  like  fine 
sand,  a process  which  is  much  assisted  by  heating  it  to 
redness,  and  then  plunging  it  in  cold  water ; it  is  after- 
wards mixed  -with  its  own  weight  of  sulphate  of  potassa, 
and  placed  in  the  upper  part  of  the  inclined  bed  of  a 
reverberatory  furnace,  similar  to  the  annexed.  Fig.  99 
— known  in  the  potteries  as  a frit-furnace — previously 
brought  to  a red  heat.  When  the  glass  produced  by 
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tlie  fusion  of  the  powdered  mineral  and  the  alkaline 
sulphate  has  been  observed  to  flow  down  to  the  bed  of 
tlie  fm-nace,  there  is  added  gradually,  at  the  lower  end 
of  the  furnace,  as  much  carbonate  of  potassa  as  was 


previously  used  of  sulphate.  Tliis  operation  of  adding 
proportionate  quantities  of  carbonate  of  potassa  to  the 
molten  mass  as  it  flows  down  into  the  lower  part  of  the 
furnace,  is  continued  till  the  sack  of  the  furnace  is  quite 
fuU,  the  mineral  and  sulphate  being  introduced  at  the 
upper  end : the  glass  is  then  fit  for  the  next  operation. 

The  compound  might  be  prepared  in  a furnace  with 
a flat  bottom,  from  which  it  is  separated  with  greater 
facility;  in  this  case,  however,  no  carbonate  should  be 
used  tiU  the  whole  of  the  sulphate  has  been  observed 
to  be  decomposed,  after  which  it  is  to  be  introduced, 
as  in  the  preceding  instance,  and  fused  with  the  mass. 
On  boiling  the  glass  produced  in  this  manner  with 
water,  the  same  quantity  of  potassa  as  was  added  to 
the  felspar,  and  two-thirds  of  the  sihca  contained  in 
the  mineral,  are  dissolved,  while  the  remaining  one- 
third  of  silica,  and  the  alumina,  and  an  equal  quantity 
of  potassa  as  the  felspar  originally  contained,  are  left 
in  the  form  of  a light  porous  substance,  similar  in  com- 
position to  elaolite,  which  is  carefully  separated  from 
the  solution,  and  washed  well  with  water  to  with- 
draw silicate  of  potassa;  next,  the  porous  precipitate  is 
put  into  a large  leaden  cistern  or  boiler,  wherein  it  is 
acted  upon  with  boiling  dilute  sulphuric  acid,  of  specific 
gravity  1'20,  which  will  contain  sufBcient  water  for  the 
solution  and  crystallization  of  the  alum  formed  by  the 
decomposition  of  the  elaolite.  As  a general  rule,  as 
much  acid  should  be  added  in  the  diluted  state  as  will 
contain  one  hundred  and  sixty  pounds  of  dry  acid  to 
every  two  hundred  and  eighty-five  pounds  of  felspar 
employed.  If  other  minerals  shoifld  be  acted  upon,  a 
proportionate  quantity  of  acid  shoifld  likevdse  he  used, 
that  the  solution  of  alum  formed  may  not  he  im- 
pregnated with  free  sulphuric  acid.  To  guard  against 
the  too  great  acidity  of  the  solution,  it  is  better  not. 
to  add  hut  one-fourth  of  the  quantity  of  sulphuric  acid 
to  the  elaohte  formed  in  the  first  operation ; part  of  the 
substance  will  remain  undecomposed  after  the  alum 
solution  has  been  drawn  ofif,  but  this  may  he  acted 
upon  by  the  whole  of  the  remaining  quantity  of  acid, 
and  will  he  completely  decomposed,  and  the  liquor  re- 
tained to  act  on  a fresh  batch.  In  the  second  operation, 
any  free  acid  that  had  been  left  is  neutrahzed,  and  a 
solution  of  alum  from  excess  of  acid  is  thus  produced. 
The  boiling  menstruum,  after  the  sediment  subsides,  is 
flrawn  into  coolers,  such  as'  are  generally  used  for  crys- 
tallizing alum ; here  about  four-fifths  of  the  alum  con- 
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tained  in  the  liquor  wiU  separate  in  crystals.  From 
this  mother  hquor  the  residual  alum  is  obtained  by 
evaporating  it  to  dryness ; by  this  means  the  silica  pre- 
sent in  the  solution  is  rendered  insoluble,  and  the  dry 
mass  is  acted  upon  either  wdth  water  or  a further  quan- 
tity of  mother  hquor,  and  the  solution  evaporated  to 
the  crystalhzing  point  as  before. 

Had  soda  salts  been  used  in  the  above  process,  soda 
alum  would  be  produced;  but  for  this  end  albite  is 
preferred,  as  it  contains  an  excess  of  this  alkali.  The 
potassa  or  soda — as  the  case  may  be — which  is  extract- 
ed from  the  elaolite  or  nepheline — formed  when  soda 
is  used — in  the  solution,  is  recovered  by  the  following 
methods: — The  strong  solutions  which  are  obtained, 
about  the  specific  gravity  of  1’20,  are  placed  in  any 
convenient  vessel  through  which  a stream  of  carbonic 
acid  is  transmitted ; the  carbonic  acid  is  absorbed,  and 
the  solution  assumes  the  appearance  of  a gelatinous 
mass  from  the  separation  of  hydrated  silicic  acid ; the 
liquid  contains  carbonate  of  soda  or  potassa. 

On  drying  this  mass  in  a furnace,  which  should  never, 
under  any  circumstances,  be  allowed  to  rise  to  a red 
heat,  the  silica  loses  its  water,  and  becomes  insoluble ; 
and  by  subsequent  treatment  of  the  dry  residue  with 
water,  the  alkali  is  dissolved  out  in  the  form  of  sesqui- 
carbonate,  which  is  obtained  in  the  solid  state  by  eva- 
poration. 

The  second  method,  which  is  the  simpler,  is  to  filter 
the  alkaline  silicate  through  a bed  of  caustic  lime,  when 
it  will  be  found  that  the  hme  has  combined  with  the 
silica,  and  caustic  allcahne  he  passes  through.  An  ap- 
paratus, similar  to  that  of  a soap-boiler  for  the  pre- 
paration of  his  Hes,  may  be  used ; and  the  alkali  may 
be  subsequently  converted  into  carbonate,  in  the  usual 
way  of  making  soda  ash. 

With  the  exception  of  the  high  temperature  required 
to  decompose  the  felspar.  Turner’s  process  is  very 
successful,  but  this  was  found  to  be  a serious  draw- 
back when  working  on  the  large  scale. 

Telghmann  has  lately  procured  a patent  for  obtain- 
ing sulphate  of  potassa  and  chloride  of  potassium  by 
acting  on  felspar,  and  by  working  on  this  principle  in 
the  manufacture  of  alum  the  impediment  just  men- 
tioned might  be  overcome. 

Alum  may  likewise  be  obtained  by  treating  a mix- 
ture of  two  parts  of  felspar  and  thi-ee  of  fluorspar  with 
sulphuric  acid  at  a low  red  heat,  until  vapors  of  hydro- 
fluosilicic  acid  cease  to  be  evolved.  The  decomposition  of 
the  fluorspar  by  the  sulphuric  acid  causes  the  liberation 
of  hydrofluoric  acid,  and  this  in  turn  decomposes  the 
silicates,  combining  with  their  silicic  acid  to  form  the 
evolved  hydro-fluosilicic  acid,  as  is  seen  in  the  annexed 
equation— 

AI2  O3  3 Si  O2  -f-  K 0 Si  O2  -f- 12  Ca  F -f  4 H 0 S O3  = 

Alj  O3  3 S O3  -f  K 0 S O3  -I- 12  Ca  0 -f  4 H F,  Si  F2. 

Sulphate  of  lime  is  formed  in  the  first  stage  of  the  pro- 
cess ; but  this  is  subsequently  decomposed,  and  the  sul- 
phuric acid  transferred  to  the  alkah  and  alumina,  as 
these  bodies  are  deprived  of  their  silica. 

The  mass  is  lixiviated  with  water,  and  after  the 
separation  of  some  sulphate  of  lime,  the  solution  is 
evaporated,  and  on  cooling  it  deposits  an  abundant  crop 
of  nearly  pure  alum  crystals. 
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Mr.  Wilson,  of  Glasgow,  secured  a patent  in  1849 
for  the  manufacture  of  alum  by  a new  process,  the 
chief  advantage  of  wliich  is  stated  to  consist  in  the 
manner  of  heating  the  liquids  for  digesting  the  shale, 
and  in  applying  the  mother  hquors  after  precipitating 
or  separating  the  alum,  so  as  to  make  the  sulphuric 
acid,  either  free  or  in  combination  with  other  bodies, 
available  in  subsequent  operations. 

The  first  part  of  the  patent  process  is  an  improvement 
upon  the  prevailing  mode  of  digesting  the  shale  with  sul- 
phuric acid  diluted  with  water  or  mother  he,  the  liquor 
being  poured  on  in  the  cold,  and  heat  communicated 
afterwards  to  the  digesting  vessels,  either  by  steam  or 
the  application  of  fire.  He  first  warms  the  mixture  of 
sulphuric  acid  and  water  in  a separate  vessel,  and  runs 
it  into  the  digesting  tank  containing  the  calcined  shale, 
at  a temperature  between  150°  and  200°  Fahr.,  as  is 
deemed  necessary,  and  then  maintains  the  heat  at  the 
proper  degree,  by  conducting  the  waste  caloric  from  the 
furnace  of  the  heating  vessel  below,  through  flues  under 
and  around  the  digesters.  The  patentee  alleges  that, 
by  this  arrangement  and  method  of  operation,  con- 
siderable saving  of  fuel  is  effected,  and  that  there  is 
a more  perfect  and  uniform  digestion  than  by  the  old 
system,  wherein  it  was  impossible  to  obtain  a proper 
and  efficient  temperature  throughout  the  mass  of  shale. 

To  prevent  the  loss  of  sulphuric  acid,  the  ordinary 
method  is  varied  in  the  following  manner: — The  strong 
mother  liquors,  left  over  after  depositing  the  alum 
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formed  from  the  combination  of  the  siJphate  of  alu- 
mina with  the  sulphate  of  ammonia,  are  not  used  again 
to  dilute  the  acid,  but  are  employed  with  fresh  am- 
moniacal  liquor  from  the  gas-works,  or  elsewhere,  to 
form  sulphate  of  ammonia.  He  guards  against  the 
decomposition  of  the  portion  of  alum  which  the  mother 
liquor  held  in  solution,  by  adding  the  ammoniacal  hquor 
in  such  quantities,  as  that  a slight  portion  of  acid  in  the 
liquor  is  uncombined.  A few  trials  woidd  enable  the 
operator  to  judge,  by  means  of  test  papers,  the  proper 
point  at  which  the  neutralizing  should  be  suspended. 

When  the  solution  of  the  mixture  of  sulphate  of 
ammonia  and  alum,  after  filtration,  or  reposing  to  allow 
impmities  to  deposit,  is  sufficiently  concentrated  by 
evaporation,  it  is  run  in  among  the  solution  of  sulphate 
of  alumina  from  the  digesters,  and  the  alum  which  it 
contains  is  deposited  with  that  of  the  fresh  hquor. 

Wilson  also  obtained  a patent  previous  to  the  above, 
for  manufacturing  alum  from  the  shale  of  the  coal  for- 
mation, which,  however,  scarcely  differed  from  the 
usual  method,  excepting  in  the  roasting  of  the  ore.  The 
plan,  moreover,  does  not  appear  to  have  been  successful. 

Eichardson,  in  1850,  sealed  a patent  for  further 
improvements  in  the  manufacture  of  alum,  the  lead- 
ing parts  of  which  are  as  follow : — In  lixiviating  the 
calcined  shale  for  the  purpose  of  obtaining  the  raw 
alum  liquor,  a series  of  pits,  such  as  is  seen  in  the  an- 
nexed figure,  is  employed.  Fig.  100  shows  the  manner 
of  effecting  the  solution  of  the  sulphate  of  alumina. 
100. 
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r'  b®  b’,  et  cetera,  are  a series  of  pits,  furnished  with 
pipes,  a'  a^  a®,  et  cetera,  for  the  purpose  of  conveying 
mother  liquor  from  one  to  another,  the  pipes  being 
stopped  with  taps  or  cocks,  as  seen  in  the  figure.  Water 
is  run  from  the  service  tank,  D,  through  the  pipe,  o, 
into  the  pit,  B®,  till  it  flows  over  through  the  pipe,  A®,  and 
passes  through  the  pipe,  e e,  till  it  enters  b\  through 
which  it  rises  till  the  pit  is  filled,  exliausting  the  con- 
tents of  the  soluble  ingredients  in  its  ascent.  When 
the  hquor  has  stood  for  some  days,  a fresh  supply  of 
water  is  continued  as  before  in  b®,  by  which  the  hquor 
in  B^  is  forced  over  through  A^,  the  plug  being  re- 
moved into  the  pit,  b®,  containing  fresh  calcined  shale ; 
the  hquor  ascends  through  the  shale  in  this  pit  as 
in  b',  and  when  it  has  remained  two  or  three  days 
in  contact  with  it,  a fresh  supply  of  water  is  ahowed 
to  flow  into  B®,  which  forces  the  liquid  contents  of  B^ 
into  the  third  tank,  and  the  treatment  repeated  as  long 
as  the  workman  finds  it  nedessary,  to  bring  the  hquor 
to  28°  Twaddle,  or  such  higher  strength  as  is  required; 
and  when  the  proper  degree  of  saturation  is  attained, 
the  solution  is  drawn  off  by  the  stopcock,  f.  As  soon 
as  the  shale  in  any  of  the  pits  is  found  to  be  exliausted, 


it  is  removed,  and  a fresh  supply  introduced,  and  the 
lixiviation  proceeded  with  as  before. 

Of  course,  as  the  operation  goes  on  week  after  week, 
it  wih  become  necessary  to  commence  the  supply  of 
water  from  the  service  tank,  d,  to  the  different  pits  in 
succession,  which  may  be  done  as  above  described,  or 
by  ahowing  it  to  run  at  once  down  the  pipes,  A A A,  from 
the  respective  taps  in  the  pipe,  c.  By  these  arrange- 
ments, the  labor  of  pumping  the  liquor  from  one  pit  to 
the  other  will  be  saved,  the  process  generally  rendered 
more  convenient,  and  the  result  wiU  be  a more  perfect 
exhaustion  of  the  shale. 

Produce. — The  great  variation  in  the  character  and 
richness  of  the  ores  does  not  admit  of  even  a proximate 
relation  being  established  between  the  quantities  em- 
ployed, and  the  amounts  of  alum  produced  in  different 
works.  At  Valmunster,  from  seventeen  million  three 
himdred  thousand  pounds  weight  of  alum  shale,  four 
hundred  thousand  hundred-weight  of  alum,  or  2 -3  per 
cent.,  are  obtained,  for  the  production  of  which  one 
himdred  thousand  pounds  of  sulphate  of  potassa  are 
required,  and  one  million  four  hundred  thousand  poimds 
of  coal  consumed. 
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The  slate  at  Liege  yields  two  per  cent,  of  alum,  and 
that  from  other  localities  only  from  one  to  one-half  per 
cent. — Knapp. 

Properties  of  Alum. — Potassa  alum,  when  sub- 
mitted to  a heat  of  about  570°  Fahr.,  fuses  in  its  water 
of  crystallization ; the  water  being  expelled  during  the 
fusion,  the  melted  mass  presents  a pulverable  white 
porous  appearance,  and  is  converted  into  anhydrous  or 
burnt  aluni,  which  redissolves  with  difSculty  in  water ; 
nevertheless,  it  absorbs  its  water  of  crystallization  slowly 
from  the  air.  At  a red  heat,  the  sulphuric  acid  of  the 
sulphate  of  alumina  is  partly  expelled  in  an  anhydrous 
state,  and  partly  as  sulphurous  acid  and  oxygen,  while 
sulphate  of  potassa  and  alumina  compose  the  residuum. 
Ammonia  alum  behaves  in  a similar  way,  but,  after 
being  heated  to  redness,  only  pure  alumina  remains ; 
i both  varieties  react  acid  on  litmus  paper.  The  com- 
position of  artificial  alums  has  been  made  the  subject 
of  a chemical  investigation  by  several  chemists ; a few 
of  the  results  are  given  in  the  following  analyses : — 
Potassa  Alum. 

Thomson.  Thenard.  Vauquelin.  Graham.  Theory. 

Potassa, 9-86 10-02. ...  10-40)  — ( 9-95 

Alumina, 11-09 ....  12-53 ....  10-50  ^ 54. 11  10-83 

Sulphuric  acid,. . .32-85. ..  .26-04. ..  .30-52  ) — (_33-71 

Water, 46-20. . . .51-41. . . .48-58.  .45-89.  .45-51 

100-00  100-00  100-00  100-00  100-00 

Soda  Alum. 

Wellner.  Ure.  Zellner.  Graham.  Theory. 

6-29 6-48 6-67)  — ( 6-80 

10-19 10-75 11-00  ^52-53-1  11-21 

35-10. ....34-00. ...34-32)  — (34-89 

48-22. . . .49-00. . . .48-01.  .47-47.  .47-10 


99-80  100-23  100-00  100-00  100-00 

Ammonia  Alum. 


Ammonia, 

RilTuult. 

Forclihammer.  Theoretical. 

— ....  3-75 

Alumina, 

11-906  . 

. . . 11-24 

....  11-34 

Sulphuric  acid, 

36-042  . 

. . . 35-90 

35-29 

Water, 

— 

— 

49-62 

100-00 

Chinese  Alum  recently  imported  into  this  country. 

Sulphuric  acid,  . 

Richardson. 

. . 34-06 

Alumina, 

. . 11-38 

Potassa, 

..  10-44 

Water, 

..  43-12 

Loss 

. . 1-00 

100-00 

Impurities. — The  purest  kinds  of  alum  always  con- 
tain a little  iron;  that  from  Liege  contains  0'02  per 
cent.;  that  from  Gavelle,  near  Paris,  0-08  per  cent.; 
that  from  Aveiron,  0- 11  per  cent. ; and  English  alum 
contains  O' 12  per  cent.  This  admixture  of  iron  alum, 
which  is  easily  detected  by  ferrocyanide  of  potassium,  is 
sufficient  to  impair  the  delicate  colors  imprinted  upon 
cloth;  it  can,  however,  be  removed  by  recrystalliza- 
tion, or,  as  Prussian  blue,  by  means  of  yellow  prussiate 
of  potassa.  Only  the  Roman  alums — a name  given 
to  aU  varieties  of  alum  imported  from  Italy — are  suffi- 
ciently pure  for  immediate  use,  and  are  highly  prized 
on  account  of  the  minuteness  of  the  quantity  of  iron 
which  they  contain,  although  their  outward  appearance 
would  naturally  lead  to  the  contrary  assumption. 

These  varieties  consist  of  small  disconnected  crys- 


tals, covered  externally  with  a kind  of  reddish  mud, 
which  is  stated  by  some  to  be  void  of  ii-on;  on  the 
alum  being  dissolved,  however,  in  water,  none  of  this 
coating  is  acted  upon,  and  the  quantity  of  iron  alum 
present  in  the  solution,  does  not  exceed  0-005  per 
cent.  Alum  of  this  description  produces  a blue  pre- 
cipitate, with  the  aforementioned  reagent,  only  after 
standing  several  hours,  while  ordinary  alum  aflbrds  a 
precipitate  in  a few  minutes.  Roman  alum  is  gene- 
rally crystallized  in  the  form  of  octahedrons,  but  cubi- 
cal crystals  are  occasionally  found,  hence  the  name  cubic 
alum.  The  composition  of  Roman  alum,  and  the  cir- 
cumstances which  occur  during  its  formation,  have  not 
been  minutely  investigated;  its  reactions  differ  from 
ordinary  alum  in  many  respects.  When  the  cubical 
crystals  of  Roman  alum  are  dissolved  in  water,  at  a 
temperature  ranging  between  96°  and  104°  Fahr.,  and 
the  solution  is  set  aside  to  crystallize,  the  alum  is  again 
produced  in  cubes,  which  appear  more  certainly  if 
the  liquor  be  left  to  spontaneous  evaporation.  At  a 
higher  temperature,  the  solution  becomes  turbid  from 
the  separation  of  basic  alum,  and  the  clear  liquor  de- 
posits the  substance  in  octahedral  crystals : hence  it 
may  be  inferred,  that  the  Roman  cubic  alum  is  formed 
in  the  presence  of  an  excess  of  alumina  in  the  crystal- 
lizing alum  liquor.  When  octahedral  alum  is  digested 
with  hydrated  alumina,  and  the  solution  allowed  to 
evaporate  spontaneously  by  exposure,  cubical  crystals 
are  formed  witli  a simultaneous  separation  of  a basic 
salt  of  alumina;  the  crystals  have  an  acid  reaction, 
and  the  same  properties  as  ordinary  octahedral  alum. 

In  a paper  recently  communicated  to  the  Parisian 
Academy  of  Sciences,  by  M.  Loewel,  upon  the  identity 
of  octahedral  and  cubical  alum,  and  the  production  of 
the  latter,  the  author  remarks,  that  on  account  of  cubic 
alum  being  regarded  as  a basic  salt,  and  as  containing 
more  alumina  than  the  ordinary  octahedral  alum,  he 
was  induced  to  institute  the  experiments  of  which  the 
fallowing  is  an  epitome : — 

The  idea  of  cubic  alum  containing  more  alumina,  arose 
from  the  fact  that  in  making  alum  in  the  ordinary  way, 
by  dissolving  the  materials  in  water,  its  solutions  never 
deposit  cubic  crystals,  neither  by  cooling  nor  by  spon- 
taneous evaporation,  unless  hydrate  of  alumina  has 
been  previously  dissolved  in  them,  or  a certain  quantity 
of  an  alkaline  base  has  been  added  to  withdraw  from 
the  sulphate  of  alumina  a part  of  its  acid.  All  the 
chemical  treatises  state,  notwithstanding  the  preceding 
opinions  among  ehemists  and  manufacturers,  and  very 
apropos,  that  dimorphous  crystals  have  the  same  com- 
position; definite  proof  has  not,  apparently,  hitherto 
substantiated  the  proposition,  and  without  this,  such 
statements  are  in  open  contradiction  to  the  observed 
phenomena  that  cubic  alum,  when  dissolved  in  water, 
and  recrystallized  under  the  octahedral  form,  deposited 
a certain  quantity  of  basic  sulphate  of  alumina. 

Having  submitted  the  salts  in  question  to  a chemical 
examination,  Loewel  obtained  results  which  seem  to 
dissipate  all  doubts  upon  this  point.  He  prepared,  m 
the  usual  manner,  pure  potassa  and  ammonia  alums, 
and  crystallized  under  the  ordinary  octahedral  system. 
During  this  part  of  his  labors,  he  states  that,  in  many 
of  the  alums  of  commerce,  the  sulphate  of  potassa  in 


Soda, 

Alumina, 

Sulphuric  acid, . . . 
Water, 
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the  alum  is  partly  replaced  by  sulphate  of  ammonia, 
but  the  proportionate  quantity  of  the  latter  is  very 
variable. 

To  obtain  the  cubic  crystals  of  almn,  the  pure  sub- 
stance stated  above  was  dissolved  in  three  or  four 
times  its  weight  of  water,  heated  from  72°  to  81° 
Fahr.,  and  an  aqueous  solution  of  potassa  in  alcohol 
added  in  successive  small  portions,  till  the  subsalt  of 
alumina,  thrown  down  by  each  addition,  was  no  longer 
dissolved  upon  the  agitation  of  the  liquid 

Cubical  ammonia  alum  was  procured  by  dissolving 
the  pure  octahedral  salt  which  had  been  prepared 
in  three  to  four  times  its  weight  of  water  at  113° 
Fahr.,  and  adding  ammonia  with  the  same  precautions 
as  the  potassa  in  the  preceding  instance,  till  the  small 
quantity  of  subsalt  ceased  to  dissolve  in  the  solution. 
The  spontaneous  evaporation  of  the  potassa  and  am- 
monia alum  solutions,  at  the  ordinary  temperature, 
afforded  the  crystals  in  cubes.  The  author,  however, 
observed,  that  in  some  of  the  operations  performed,  the 
first  crystals  deposited  were  still  octahedrons,  while,  in 
others,  they  assumed,  after  the  lapse  of  some  days,  the 
form  of  beautiful  transparent  perfect  cubes ; and  lastly, 
other  solutions  became  ambiguous,  and  showed  a cloudy 
appearance  before  depositing  the  crystals. 

The  form  assumed  by  the  salt  after  adding  a quantity 
of  potassa — representing  about  one  equivalent  and  a 
half,  that  is,  on  taking  from  the  sulphate  of  alumina  con- 
tained in  the  alum  nearly  the  half  of  its  acid — was  that 
of  truncated  and  cubical  octahedrons;  but  on  a further 
addition  of  a little  alliali,  cubes  were  formed. 

When  the  potassa  solution  was  added  by  very  small 
portions  at  a time,  and  with  much  precaution,  it  was 
found  that  a quantity  representing  nearly  one  equiva- 
lent and  three-quarters,  might  be  introduced  before 
obtaining  a precipitate  which  no  longer  completely  dis- 
solved by  long  agitation  of  the  liquid ; such  solutions, 
however,  though  quite  clear  after  being  filtered,  became 
cloudy  after  some  time  before  depositing  crystals. 

It  appears  from  the  preceding,  that  it  is  necessary  to 
abstract  at  least  one-half  of  the  acid  contained  in  the 
sulphate  of  alumina  in  the  alum,  before  the  crystals  are 
obtained  in  cubes.  When  some  of  the  solutions  thus 
prepared  had  given  a certain  quantity  of  cubic  crys- 
tals, but  not  nearly  the  amount  of  that  contained  in 
the  liquid,  the  solution  then  became  cloudy  by  degrees, 
and  deposited  a gelatinous  tribasic  sidphate  of  alumina. 
The  alum  subjected  to  the  experiments  afterwards  to 
be  described,  was  taken  from  the  mother  liquors  before 
they  became  cloudy,  in  small  beautiful  transparent 
crystals,  of  from  half  to  one  inch  in  the  length  of  the 
sides : the  crystals  were  washed  and  dried  before  each 
experiment. 

On  dissolving  the  two  salts  in  water,  perfectly  clear 
menstrua  were  obtained,  which  remained  so  even  dim- 
ing their  concentration,  and  furnished,  on  cooling,  trun- 
cated octahedrons.  The  cold  solutions  of  the  salt, 
even  without  concentration,  afforded  a like  result.  The 
octahedral  alum  salt  procured  in  this  way  had  exactly 
the  same  weight  of  alum  as  was  dissolved  of  the  cubic 
alum,  without  a vestige  of  basic  salt  separating  during 
the  operations.  Many  who  experimented  on  cubic 
alum,  and  stated  that  a portion  of  basic  salt  was  thrown 


down,  must  have  employed  large  opaque  crj'stals  ob- 
tained in  the  clouded  solutions,  and  in  this  case  the 
basic  salt  was  simply  interposed,  and  formed  no  in- 
tegral part  of  the  crystals. 

The  potassa  and  ammonia  cubic  alum  described  were 
found  to  resist  the  action  of  air  dried  by  sulphuric  acid 
in  a beU-jar  for  weeks  without  efflorescing,  although,  in 
aU  chemical  treatises,  it  is  said  that  alum  effloresces 
very  slowly  in  the  air.  Loewel  suggests  that  it  would 
be  more  correct  to  state  that  no  efflorescence  takes 
place.  He  placed  crystals  of  pm'e  alum  under  bell- 
jars,  in  which  the  air  was  dried  by  sulphuric  acid ; at 
first  the  crystals  lost  some  thousandths  of  their  weight 
of  interposed  water,  but  afterwards  remained  for  several 
months,  even  for  a whole  year,  at  a temperature  rising 
to  77°  Fahr.,  without  parting  with  the  smallest  quantity 
of  water. 

The  small  cubic  crystals  were  exposed  several  hours 
to  a temperature  from  158°  to  185°  Fahr.,  and  then  to 
212°  Falir. ; after  a while  the  heat  was  raised  more  and 
more,  to  about  680°  Fahr. ; the  total  loss  in  water 
amounted  to  45‘5  per  cent.  Corresponding  results  were 
obtained  by  treating,  in  a similar  manner,  small  octa- 
hedrons of  the  pure  salt;  hence,  the  alum  under  both 
forms  contains  exactly  the  same  per  centage  of  water 
of  crystallization.  The  method  of  expelling  the  water 
pursued,  as  in  the  foregoing,  was  found  to  answer  ex- 
ceedingly well,  inasmuch  as,  by  such  an  application  of 
the  heat,  the  aqueous  fusion,  and  consequent  intumes- 
cence, were  avoided. 

During  the  drying  it  was  observed  that  the  crystals 
effloresced,  and  became  a little  agglutinated,  losing  at 
the  same  time,  in  a slight  degree,  their  crystalline  form, 
but  without  intumescence. 

The  sulphuric  acid  which  the  alum  contained  was 
determined  by  precipitating  its  boiling  solution  with  an 
excess  of  chloride  of  barium  in  the  usual  way. 

The  annexed  analyses  show  the  correspondence  of 
the  sulphuric  acid  obtained  in  three  experiments,  with 
the  calculated  amount 

Found. 


Compositiou.  Atomic  weight.  Theory.  I.  IL  III. 

4 Eqs. of  sulphuric  acid,.. . 160  ..  33-72  ..  33-92  33-62  33-88 

1 Eq.  of  alumina, 52  . . 10-83  . . — — — 

1 Eq.  of  potassa, 47  . . 9-93  . . — — — 

24  Eqs.  of  water, 216  . . 45-52  . . 45-5  — — 


475  100-00 

Hence,  it  is  evident  that  the  salt  contains  the  same 
number  of  equivalents  of  sulphuric  acid  as  ordinary 
alum  crystallized  in  octahedrons. 

The  determination  of  the  acid  in  the  ammonia  salt 
was  conducted  as  in  the  analysis  of  the  potassa;  the 
alumina  was  ascertained  by  the  total  decomposition  of 
the  salt  by  heat,  in  the  following  manner : — After  the 
alum  had  lost  about  47  per  cent,  of  its  weight,  the 
small  capsule  of  platinum  wherein  the  salt  was  weighed, 
was  enclosed  in  a platinum  crucible,  and  this  again 
enveloped  in  a hessian  one,  which  was  surrounded 
with  incandescent  coals  in  a furnace,  mounted  with 
a chimney  of  plate - iron. 

When  at  a very  intense  heat,  the  salt  no  longer  lost 
in  weight;  on  reweighing  the  crucible,  the  content  of 
alumina  was  obtained. 
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The  subjoined  are  the  analyses  of  the  ammonia  alum, 
which  agree  closely  with  theory : — 

Centesimally  represented. 

Found. 

Composition.  At.  weight.  Theory.  I.  IL  IIL 

4 Eqs.  of  sulphuric  acid,  100  . . 35'29  . . 35‘34  35-18  35-27 

1 Eq.  of  alumina, 52  . . 11-34  , . 11-57  11-45  11-5 

1 Eq.  of  ammonia, 26  ..  5-73  , . — — 

24  Eqs.  of  water, 216  ..  47-64  ..  — — — 

454  100-00 

Octahedral  crystals  of  the  same  salt  were  submitted 
to  decomposition  by  heat,  and  the  analysis  agreed  in 
every  point  with  the  preceding. 

Loewel  defines  the  circumstance  which  gives  rise 
to  the  deposition  of  cubic  alums,  as  being  the  effect  of 
an  action  of  contact  exercised  over  its  molecules  by  the 
solution  of  aluminated  alum,  in  the  midst  of  which  it  is 
formed  and  slowly  deposited. 

Neutral  Alum. — This  kind  is  much  preferred  in 
many  arts  where  alum  is  employed,  and  especially 
among  the  printers  of  fabrics,  on  account  of  the  greater 
amount  of  basic  salt  which  it  deposits  than  the  ordinary 
substance,  from  which  it  differs  only  in  not  containing 
free  acid. 

To  prepare  it,  almnina  is  often  added  to  ordinary 
alum  ; a better  method  is  to  abstract  the  free  acid  by 
adding  an  alkali,  such  as  carbonate  of  soda,  or  car- 
bonate of  potassa,  to  a solution  of  ordinary  alum,  as 
long  as  the  precipitate  which  appears  at  first  is  redis- 
solved. This  affords  the  neutral  alum,  which  is  essen- 
tially a solution  of  ordinary  alum,  with  a certain  pro- 
portion of  basic  sulphate  of  alumina. 

Commercial  Sulphate  of  Alumina. — ^It  has  been 
stated  that  the  presence  of  an  alkaline  sulphate  is  not 
essential  in  those  processes  in  which  alum  is  employed ; 
it  is,  indeed,  rather  objectionable  than  otherwise.  A 
substance  has  recently  been  introduced  into  com- 
merce under  the  name  of  alum,  which  is  very  much 
more  efficacious  than  the  crystalline  salt ; it  occurs  in 
four- sided  plates  about  an  inch  in  thickness,  which  are 
white  and  partially  translucent,  dissolve  perfectly  in 

A. 


to  A,  in  Fig.  101.  After  allowing  the  bulk  of  the  pre- 
cipitated Prussian  blue  to  subside,  the  supernatant 
liquor  is  run  off  into  the  wooden  vessels,  B B B,  where  it 
remains  until  perfectly  clear  and  free  from  precipitate, 
after  which  the  clear  liquor  is  treated  as  has  been 
already  described. 

The  precipitated  prussian  blue  is  repeatedly  washed 
with  cold  water  to  separate  the  whole  of  the  sulphate 
of  alumina,  and  the  solutions  are  drawn  off  into  some 
of  the  vessels,  b,  for  the  above  object. 

The  Prussian  blue  is  now  treated  with  a lie  of  caustic 


water,  exhibit  no  trace  of  crystallization,  and  possess 
the  peculiar  taste  of  alum  in  a more  marked  degree 
than  even  alum  itself.  This  substance  is  entirely  free 
from  iron.  The  process  for  its  preparation,  and  for 
which  Wiesmann  has  taken  a patent,  consists  in  treat- 
ing clay  -with  sulphmric  acid  in  the  manner  before 
described;  and  differs  only  in  adding  no  sulphate  of 
potassa  to  the  solution  of  sulphate  of  alumina,  but 
precipitating  any  iron  that  may  be  present  by  adding 
ferrocyanide  of  potassium,  evaporating  to  the  consis- 
tence at  which  the  mass  -will  solidify  when  cold,  and 
then  pouring  it  into  the  melting  vessel.  Mohr  found 
this  substance,  which  is  improperly  called  alum,  to  be 
perfectly  free  from  iron,  and  to  contain 

Alumina, 13-91 

Sulphuric  acid, 36.24 

Water,. 49-60 

Sulphate  of  potassa, 1-50 

The  latter  ingredient  is  due  to  the  small  portion  of  po- 
tassa naturally  existing  in  all  clays.  The  preceding  com- 
position corresponds  exactly  with  the  combinations  of 

7-1  per  cent,  of  ordinary  potassa  alum,  and 
92-9  “ of  sesquisulphate  of  alumina. 

The  formula  of  which  is  AI2  O3  3 S O3  -f-  18  aq. 

A sample  of  this  preparation  from  the  Morley  Works, 
near  Plympton,  which  was  analysed  by  the  Editor,  gave 
the  annexed  quantities  of  the  respective  ingredients : — 

Centesimal!^  represented. 

Alumina, 17-820 

Sulphuric  acid, 33-178 

Water, 49-002 

Lime, a mere  trace. 

100-000 

These  numbers  correspond  with  the  formula, 

2 AI2  O3,  5 S O3  -j-  33  aq ; 
thus  showing  it  to  be  a basic  sulphate. 

The  objection  which  manufacturers  urge  against  this 
compound  is,  that  from  its  physical  appearance  it  is 
impossible  to  judge  of  its  purity  in  the  same  way  as 
common  alum. 

Wiesmann’s  process  for  the  preparation  of  pure 
sesquisulphate  of  alumina  has  been  found  the  most 
effectual  and  economical;  it  consists  in  agitating  the 
solution  of  sulphate  of  alumina  in  a large  wooden  ves- 
sel -with  ferrocyanide  of  potassium. 

The  vessel  wherein  the  mixture  is  made  is  similar 
B B 


soda  to  separate  the  iron,  and  thus  the  same  precipitant 
serves  for  a longer  period  with  very  little  loss. 

Eichardson’s  analysis  of  this  sulphate,  after  the 
iron  had  been  separated  by  the  above  process,  is — 

Sulphuric  acid, 35-95 

Alumina, 14-25 

Lime, traces 

Magnesia, traces 

Chlorine, traces 

Water,., 48-05 

Loss 1-75 

100-0' 
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When  the  crude  sulphate  of  alumina  is  lixiviated, 
there  remains  a refuse  matter  that  contains  some  sul- 
phuric acid  in  the  form  probably  of  subsulphate,  and 
which  resists  the  solvent  action  of  water. 

Two  samples  of  this  residuary  matter  gave  the  an- 
nexed results 

Silica, 41-85  . . 39-05 

Alumina,  with  traces  of  sesquioxide  of  iron,  18'40  ..  25'55 

Sulphuric  acid 4'45  . . 8'47 

Sulphate  of  lime, 4-01  ..  traces 

AVater, 29'53  . . 27‘50 

Loss, 1‘76  . . — • 

10000  100-57 

The  Editor  has  been  informed  by  several  of  the  first 
manufacturers — those  at  Whitby  in  Yorkshire,  and 
Hm-let,  near  Glasgow — that  during  the  few  last  years 
the  alum  trade  has  been  so  depressed  that  the  produce 
scarcely  balanced  the  expenditure,  owing  partly  to  an 
unwise  competition ; and  that  many  makers  would 
have  ceased  operations,  but  having  the  works  on  hand, 
free  of  other  expenses,  exclusive  of  the  labor,  it  was 
thought  advisable  to  continue  them.  In  the  market, 
alum  commanded  only  eight  pounds  per  ton  during  the 
last  year,  but  at  present  the  price  is  from  ten  pounds  to 
ten  guineas,  and  at  this  rate  promises  a remuneration. 

A proper  and  reliable  estimate  of  the  quantity  of 
alum  fabricated  cannot  well  be  made,  since  it  is  an 
article  which  affords  no  convenient  means  for  ascertain- 
j ing  it — ^being  free  of  duty — except  by  consulting  the 
note-books  of  aU  the  manufacturers,  an  inspection  which 
! would,  on  private  grounds,  and  perhaps  with  reason,  be 
refused.  On  an  average,  the  quantity  manufactured 
may  be  computed  to  be  at  least  about  ten  thousand  tons 
annually,  of  which  there  is  reason  to  believe  from  four 
to  five  thousand  tons  are  manufactured  in  Scotland. 

Uses. — This  salt  is  largely  employed  in  the  arts, 
chiefly  in  consequence  of  the  affinity  which  alumina, 
its  primary  base,  has  for  coloring  and  other  vegetal 
matters ; for  gelatine,  and  a number  of  like  bodies. 
The  fibre  of  cotton,  wool,  et  cetera,  has  such  an  affinity 
for  alumina,  or  a basic  salt  of  the  base,  that  when 
immersed  in  a solution  of  alum,  a basic  salt  adheres  to 
it  so  firmly  that  it  cannot  be  removed  by  washing. 

This  basing  with  aluminous  salts,  enables  the  cloth 
to  unite  with  larger  quantities  of  the  coloring  matter, 
and  retain  it  with  greater  persistency.  Some  precau- 
tions are  to  be  observed  in  its  use  in  the  hands  of  the 
cloth  printer,  which  will  not  here  be  entered  into,  as 
they  wiU  form  a part  of  the  subject  to  be  treated  of,  in 
a future  part  of  this  work,  under  Calico-Printing. 

Alum  is  used  in  preparing  white  leather,  called  taw- 
ing; to  clarify  water,  by  the  combinations  which  it 
forms  with  the  foreign  matters  present,  and  also  in  the 
preparation  of  bookbinder’s  paste.  A large  quantity  of 
alum  is  taken  medicinally,  as  a topical  and  internal 
remedy  in  various  diseases.  Alum  mixed  with  gypsum 
— sulphate  of  lime — forms  the  chief  ingredient  with 
which  the  outer  chambers  of  Milner’s  fire-resisting 
safes  are  lined,  so  as  to  protect  the  interior  depositories 
from  being  injured.  This  it  does  from  two  causes; 
firstly,  the  large  quantity  of  water  it  contains,  which 
helps  to  moisten  the  inner  chamber  when  the  box  is 
heated,  and  so  prevents  the  contents  from  being  con- 1 


sumed;  and  secondly,  from  the  non-conducting  power 
of  the  mixture  after  the  water  is  expelled. 

A better  salt  could  not  have  been  patented  for  this 
purpose,  and  the  great  success  which  has  attended  the 
application  is  the  best  testimony  to  its  efficiency. 

Alum  is  the  compound  employed  for  preparing  most 
of  the  salts  of  alumina,  particularly  red  liquor,  already 
described  at  page  36. 

ALUMINA. — This  is  the  base  of  the  alums,  which 
contain  sesquisulphate  of  alumina  as  one  of  their  con- 
stituents, and  the  utility  of  alum  in  calico-printing 
rests  solely  upon  this  earth.  Alumina  is  likewise  ex- 
tensively used,  united  with  silica,  in  the  manufacture  of 
all  kinds  of  earthen  and  porcelain  ware ; in  the  manu- 
facture of  crucibles,  mortars,  and  cements.  It  is  parti- 
cularly employed,  almost  in  its  purity,  for  the  manu- 
facture of  glass  pots,  where  the  refractory  power  of  the 
earth  is  such  as  to  permit  the  fusion  of  the  frit  while 
they  remain  unaltered,  either  by  the  intense  heat,  or  by 
the  molten  substances. 

Alumina  occurs  on  the  surface  of  the  earth  in  a pure 
state  only  in  some  rare  minerals — for  example,  the 
corundum,  the  sapphire,  and  the  ruby;  but  it  consti- 
tutes a large  proportion  of  all  the  slaty  and  shaly  rocks. 
It  is  the  main  ingredient  also  of  pipe-clay  and  argilla- 
ceous soils,  which  increase  in  tenacity  in  proportion  to 
the  quantity  of  alumina  they  contain. 

Though  it  exists  so  largely  in  the  soil,  it  contributes 
but  little  in  a direct  manner  to  the  nourishment  of  plants, 
as  the  ash  they  leave  contains,  in  general,  a very  small 
quantity  of  alumina. 

Preparation. — Alumina  may  be  precipitated  from 
any  of  its  solutions  by  an  alkali,  as  a bulky,  white, 
amorphous  powder,  which,  when  collected,  well  washed, 
and  dried,  is  pure.  It  is  a white,  tasteless,  earthy  sub- 
stance, adheres  to  the  tongue,  has  a specific  gravity  of 
2 -00,  and  is  insoluble  in  water,  but  dissolves  easily  in 
caustic  potassa  and  soda,  and  in  most  acids,  at  least 
when  newly  thrown  down.  When  heated  to  redness, 
however,  it  becomes  hard  and  dense,  as  in  burned  clay 
and  firebricks,  and  can  then  only  be  dissolved  with 
extreme  difficulty,  even  by  the  strongest  acids. 

In  combination  with  phosphoric  acid,  alumina  forms 
one  compound  well  known  to  mineralogists,  by  the  name 
of  wavelite,  which  occurs,  however,  in  too  small  a quan- 
tity to  be  an  object  of  interest  to  the  manufacturer. 

One  of  the  most  difficult  problems  in  analytical  che- 
mistry, is  to  effect  a perfect  separation  of  a small  pro- 
portion of  phosphoric  acid  from  alumina,  and  rigorously 
to  estimate  its  quantity ; hence,  in  the  greater  part  of 
the  analyses  of  soils  hitherto  published,  this  most  im- 
portant ingredient  in  a fertile  soil — phosphoric  acid — 
when  in  combination  with  alumina,  has  either  been 
altogether  neglected,  rudely  guessed  at,  or  indicated 
only  by  a rough  approximation.  There  is  no  direct 
proof,  therefore,  of  the  extent  to  which  the  phosphates 
of  alumina  exist  in  different  soils. 

Alum  has  not  been  extensively  tried  as  a manure.  Its 
composition,  however,  would  lead  one  to  expect  it  to 
exert  a beneficial  influence  on  the  growth  of  many 
roots,  especially  turnips.  Sprengel  has  experimented 
with  it,  and  considers  it  worthy  the  attention  of  agi'i- 
culturists. 
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AMMONIA. — Ammoniaque,  French;  Ammoniah, 
German. — In  the  gaseous  state,  ammonia  is  synony- 
mous with  the  alkaline  air  of  Peiestley,  volatile 
alkali,  et  cetera-,  in  the  hquid  state,  with  the  caustic 
spirit  of  sal-ammoniac. 

Gaseous  ammonia  was  probably  known  to  the  an- 
cients, though  no  record  of  the  fact  remains  to  prove 
it;  still,  as  the  manufacture  of  ammoniacal  salts  was  a 
source  of  trade  among  the  Egj'ptians,  it  is  very  prob- 
able the  pungency  of  the  gas  was  familiar  to  them. 
The  scientific  development  of  this  compound  remained 
for  Dr.  Black,  who,  in  1756,  first  isolated  it,  and 
proved  its  distinction  from  the  sesquicarbonate  of  this 
base ; Peiestley  afterwards,  with  greater  accuracy,  in 
a more  lengthened  investigation,  prepared  it  in  a pure 
state,  and  discovered  more  of  its  properties. 

Ammonia,  though  not  very  extensively  disseminated 
in  nature,  is  to  be  met  with  in  a great 
many  vegetal  products ; the  decomposition 
of  animal  matter,  either  by  putrefactive 
fermentation  or  destructive  distillation, 
yields  it  in  moderate  abundance ; it  is 
also  found  united  with  acids  in  many 
strata  of  the  mineral  kingdom.  In  the 
atmosphere,  very  minute  portions  of  am- 
monia are  present,  which  exert  a most  be- 
neficial influence  upon  vegetation.  Vol- 
canic districts  are  highly  productive  of 
ammonia,  standing  second  in  this  respect 
only  to  the  guano  islands  of  South  Africa. 

Sea  water  contains  a low  decimal  per  cen- 
tage  of  ammoifiacal  salts ; fresh  water  also 
holds  it  in  combination,  but  in  an  infini- 
tesimal proportion.  A perceptible  quantity 
of  this  alkali,  generally  combined  with 
acids,  is  found  in  mineral  springs;  soils 
almost  universally  contain  it— more  espe- 
cially, however,  those  of  the  ferruginous 
and  argillaceous  class.  In  many  substances 
where  ammonia  is  apparently  absent,  a careful  and 
patient  investigation  may  prove  its  presence ; and  often 
where  it  is  detected  unexpectedly,  it  is  precipitately 
judged  that  its  formation  may  be  owing  to  the  unusual 
direct  combination  of  hydrogen  with  the  nitrogen  of 
the  atmosphere,  whereas  a calm  and  considerate  re- 
view of  the  materials,  and  of  the  circumstances  attend- 
ing such  operations,  may  lead  to  a more  simple  and 
conclusive  demonstration  of  its  presence.  Thus,  it  oc- 
curs in  the  atmosphere ; apparently  no  ammonia  exists 
in  it  when  performing  an  analysis,  but  on  examining 
rain  water  recently  collected  in  town  or  country,  an 
expert  chemist  will  detect  it  in  minute  quantity. 

Animal  recrements,  especially  those  of  reptiles,  are 
rich  in  ammoniacal  compounds. 

Preparation. — It  may  be  prepared  in  the  labora- 
tory by  a very  simple  process,  and  one  which  is  familiar 
to  every  student  in  chemistry ; namely,  by  heating  an 
ammoniacal  salt  with  hydrate  of  lime  in  a retort,  and 
collecting  the  eliminated  alkaline  vapor  over  mercury, 
or  by  displacement  of  air.  This  operation,  though 
simple,  requires — lOie  all  those  conducted  on  the  small 
scale — care  and  skill,  to  obtain  a pure  product.  The 
decomposition  which  takes  place  in  the  preceding  in- 
vol.  I. 


stance,  supposing  that  chloride  of  ammonium  had  been 
employed,  is  the  following : — 

NH4CI  -f  Ca0H0=NH40  -f  CaCl-f  HO. 

Chloride  of  ammonium.  Hydrate  of  lime.  Ammonia.  Chloride  of  calcium  and  water. 

By  desiccating  the  N 0 over  lime,  previous  to  its 
reaching  the  mercurial  trough,  an  atom  of  water  is 
withdrawn,  and  the  gas  which  enters  the  jar  has  the 
constitution  represented  in  the  annexed  equation — 

Ca  0 -f  N H4  0 = N H3  + H 0,  Ca  0 

Lime.  Ammonia.  Ammoniacal  g'as.  Hydrate  of  lime. 

The  arrangement  in  Fig.  102  is  well  adapted  for  the 
preparation  of  ammoniacal  gas:  equal  weights  of  the 
chloride  of  ammonium  and  hydrate  of  lime  are  inti- 
mately mixed,  and  introduced  into  the  retort;  heat  is 
applied,  gently  at  first,  and  then  gradually  increased 


till  vapor  ceases  to  be  evolved — chloride  of  calcium 
remains. 

In  a chemical  point  of  view,  ammonia  is  generated  j 
in  various  and  curious  ways;  as,  when  an  excess  of 
hydi’ogen  is  burned  in  the  atmosphere,  nitrate  of  am- 
monia is  formed ; when  iron  oxidizes,  from  the  decom- 
position of  water,  sesquioxide  of  iron  and  ammonia 
result,  A similar  combination  is  formed  when  hydrate 
of  potassa,  soda,  baryta,  or  lime,  is  heated  in  the  air, 
or  in  hydrogen,  with  iron,  zinc,  lead,  tin,  or  arsenic. 
Reiset  explains  its  formation  in  hydrogen  as  arising 
from  nitric  oxide — deutoxide  of  nitrogen — derived  from 
the  sulphuric  acid  used  to  prepare  the  hydrogen,  and 
adduces  as  a corroboration  the  fact,  that  when  iron 
filings  are  heated  in  a strong  solution  of  potassa  to  266° 
Fahr.,  they  evolve  hydrogen  and  ammonia,  both  when 
heated  in  air,  and  in  hydrogen  containing  nitric  acid, 
but  not  in  pure  hydrogen.  When  nitrous  oxide  and  an 
excess  of  hydrogen  are  transmitted  over  platinum  black 
— spongy  platinum — in  the  cold,  no  ammonia  is  formed ; 
but  if  heat  be  applied,  it  is  produced  in  considerable 
quantity.  A dilute  solution  of  nitro-sulphuric  acid — 
composed  of  a hundred  volumes  of  water,  four  and  a 
haK  of  sulphuric  acid,  and  four  of  nitric  acid — dis- 
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solves  iron,  zinc,  or  tin,  without  giving  off  nitric  oxide, 
or  hydrogen,  although  these  bodies  always  result  from 
the  decomposition  of  nitric  acid  and  the  solution  of  the 
forementioned  metals.  In  this  instance,  the  hydrogen 
evolved  from  the  solution  of  the  metal  combines  with 
the  nitrogen  of  the  nitric  oxide,  and  gives  rise  to 
the  alkali. 

Ammonia  is  a volatile,  irrespirahle  gas,  though,  when 
diluted  with  air,  it  may  be  inhaled.  Its  odor  is  ex- 
tremely pungent ; it  possesses  a sti'ong  alkaline  taste  ; 
turns  reddened  litmus  paper  blue,  and  turmeric  paper 
brown ; is  very  slightly  inflammable,  and  extinguishes 
those  bodies  which  are  in  a state  of  combustion.  It  is 
composed  of  two  volumes  of  nitrogen  and  six  of  hydro- 
gen, condensed  into  four  volumes  of  the  gas.  The 
specific  gravity  of  the  vapor  is  '5890,  air  being  taken 
as  unity. 

By  a pressure  of  six  and  a half  atmospheres,  at  the 
ordinary  temperature,  it  is  condensed  into  a transpa- 
rent colorless  liquid,  of  0'731  specific  gravity  at  60°;  a 
like  result  is  obtained  at  the  ordinary  pressure  of  the 
atmosphere,  by  reducing  the  temperature  40°  below 
zero.  It  is  a very  subtle,  colorless  liquid,  which,  ac- 
cording to  Faraday,  freezes  into  a white  translucent 
crystalline  substance  at  — 103°  Fahr.  On  heating  one 
volume  of  the  hquid  to  60°,  at  a barometric  pressure  of 
30-2  inches,  it  formed  1009'8  volumes  of  the  vapor. 

Berthollet  states  that  ammoniacal  gas  is  com- 
posed of — 

Atomic  weight  Theory.  Berthollet 

1 Eq.  of  nitrogen, 14  82-35  81-13 

3 Eq.  of  hydrogen, 3 17-65 18-87 

1 Eq.  of  ammonia, 17  100-00  100-00 

Ammonia  is  decomposed  with  facility  by  heat  in  the 
presence  of  a body  which  contains  oxygen  that  is  not 
difficultly  transferable;  hence,  if  the  higher  oxidized 
compounds  of  nitrogen  be  brought  into  contact  with 
ammonia,  and  both  compounds  are  mutually  decom- 
posed, water  and  a lower  oxide,  with  the  occasional 
elimination  of  nitrogen,  are  the  result.  Wlien  trans- 
mitted over  many  metaUie  oxides  at  a dull  red  heat,  it 
is  decomposed  into  nitrogen  and  hydrogen;  the  latter 
abstracting  oxygen  from  the  oxide  and  forming  water. 
The  most  interesting  change,  however,  is  that  which 
produces  cyanogen,  and  this,  uniting  with  undecomposed 
vapor,  produces  cyanide  of  ammonium,  while  hydrogen 
is  set  free;  it  is  effected  by  transmitting  the  ammo- 
niacal gas  over  heated  charcoal.  The  aceompanying 
formula  serves  to  explain  the  action  : — 

2 N Hg  + Cj  = N H4  C2  N -f  Ha 

Ammoniacal  gas.  Carbon.  Cyanide  of  ammonium.  Uydrogeo. 

In  point  of  utility,  the  gas  possesses  hut  little  interest. 

LIQUID  AMMONIA. — NaZmM-yefsi,  German ; esprit 
de  sal  ammoniac,  French;  synonymous  witli  caustic 
ammonia,  and  spirit  of  hartshorn. — The  preparation  of 
liquid  ammonia  is  one  among  the  many  manufactures 
wliich  have  sprung  up  in  consequence  of  the  rapid  pro- 
gress of  science  and  art  during  the  last  half  century ; 
but  it  seems  to  have  risen  to  its  present  state  simul- 
taneously with  that  of  gas-lighting.  Considerable  quan- 
tities of  crude  hquor  ammonia  are  produced  as  one 


of  the  by-products  of  the  distillation  of  coal;  hence, 
within  the  last  twentj''-five  years,  the  establishment  of 
factories  for  the  preparation  of  ammonia  and  its  salts 
has  gradually  taken  place,  from  the  metropolis  to  almost 
every  provincial  village  where  gas  is  consumed.  The 
demand  for  animal  charcoal  opened  another  extensive 
supply  of  ammonia,  for  it  is  evolved  during  the  destruc- 
tive distillation  of  the  bones  firom  which  the  animal 
charcoal  is  prepared  for  the  sugar  refiner  and  others  ; 
and  as  soon  as  the  spirit  of  enterprise  and  emolument 
induced  the  capitalist  to  turn  his  attention  to  the  manu- 
facture, various  other  sources  were  discovered  wliich 
yielded  this  alkali.  The  principle  on  which  ammonia  is 
generated  on  the  large  scale,  differs  in  nothing  from  the 
processes  already  stated;  and  the  formation  of  the  solu- 
tion of  the  alkali  rests  upon  the  property  which  water 
possesses  of  absorbing  it.  Water,  at  a temperature  of 
50°  Fahr.,  condenses  about  six  hundred  and  seventy 
times  its  bulk  of  ammoniacal  gas — seven  hundred  and 
eighty  according  to  Thomson;  by  this  retention  the 
bulk  of  the  solution  is  inereased  considerably — so  much 
so,  that  six  volumes  of  water,  on  becoming  saturated 
with  the  gas,  increase  to  ten  volumes,  and  the  specific 
gravity  of  the  liquid  is  reduced  from  LOO  to  0-785. 

Liquor  ammonia  is  prepared  in  the  laboratory  by 
taking  a mixture,  such  as  that  before  prescribed,  and 
introducing  it  into  a glass  or  earthenware  retort,  the 
neck  of  which  is  connected  with  a series  of  Woulfe’s 
bottles,  nearly  fiUed  with  water,  as  described  at  page 
73.  It  is  necessary  that  the  lime  used  should  be 
slaked  in  about  four  parts  of  water,  previous  to  its  being 
mixed  with  the  powdered  ammoniacal  salt,  as  by  that 
means  the  ammonia  ■wiU  he  more  freely  disengaged, 
and  with  less  heat  than  when  only  a small  quantity  of 
moisture  is  present. 

Fig.  103  is  a representation  of  an  apparatus  which 
answers  the  purpose  remarkably  well. 


Fig.  103. 


During  the  decomposition,  the  heat  should  not  he  too 
briskly  applied,  and  in  no  case  should  the  bottom  of 
the  retort  be  raised  to  redness,  as  portions  of  the 
salt  would  be  sublimed  without  being  decomposed ; and, 
by  passing  over  to  the  first  bottle,  would  render  its 
contents  unfit  for  use.  To  guard  as  much  as  possible 
against  the  sublimation  of  the  salt,  the  tube  connecting 
the  retort  and  first  bottle  should  have  a considerable 
calibre ; and  it  is  often  advantageous  to  append  a large 
bulb  or  balloon  between  the  mouth  of  the  retort  and 
first  condenser,  in  order  that  any  portion  of  the  sublimed 
salt  which  might  be  driven  off  towards  the  end  of  the 
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operation,  may  be  arrested  before  it  is  carried  into  tbe 
ammoniacal  liquor.  The  greatest  precaution  is  to  be 
taken  in  having  all  the  connections  air-tight,  to  pre- 
vent the  escape  of  vapor.  When  the  whole  of  the  am- 
monia is  driven  off,  it  is  necessary  to  raise  the  tem- 
perature a httle  higher  than  usual  to  fuse  the  chloride 
of  calcium;  and  as  soon  as  this  takes  place,  the  retort 
should  be  disjoined  from  the  condensing  bottles,  and 
the  fused  salt  poured  out  as  speedUy  as  possible. 
Very  often  the  retort  breaks  at  this  part  of  the  opera- 
tion, in  consequence  of  a layer  of  the  salt  solidifying 
upon  its  neck,  which,  on  being  exposed  to  the  air  readily 
absorbs  moisture,  and  partly  dissolves;  the  solution  thus 
foimed  cools  considerably,  and  on  penetrating  through 
the  undissolved  portion  of  chloride  of  calcium  to  the 
retort,  which  still  retains  a high  degree  of  heat,  the 
particles  with  which  it  comes  in  contact  are  suddenly 
contracted,  and  the  retort  cracks.  Shoidd  the  retort 
escape  fracture  at  this  part  of  the  process,  it  generally 
happens  that  it  is  broken  when  heat  is  applied  for  a 
second  operation ; hence  it  is  rare  to  find  a retort,  even 
when  carefully  handled,  that  Avfil  stand  two  operations. 
Lest  any  of  the  undecomposed  salt  may  be  eliminated,  it 
is  best  to  use  only  a small  quantity  of  liquid  in  the  first 
receiver,  and  reton  the  product  into  the  retort  upon  a 
second  operation ; the  contents  of  the  second  and  third 
bottles  should  be  retained  as  pure. 

Uses  of  Ammonia. — Ammonia  is  in.  daily  requisition 
as  a reagent  for  the  analytical  chemist.  It  offers  pecu- 
liar facilities  in  the  preparation  of  many  compoimds 
on  accoimt  of  its  great  volatUity,  as  also  that  of  its 
salts,  and  as  being  an  almost  universal  precipitant  of 
the  oxides  of  the  heavy  metals.  In  medicine,  am- 
monia is  used  to  a moderate  extent  to  alleviate  spasms, 
for  rousing  the  vascular  and  respiratory  system,  as  an 
antacid,  and  in  various  other  cases.  It  is  extensively 
employed  in  bleaching  and  calico-printing,  in  color 
manufactories,  and  other  important  trades. 

When  ammonia  is  manufactured  on  the  large  scale 
from  ammoniacal  salts,  the  sulphate  of  the  alkali  is  for 
the  most  part  prefr.red;  but  there  is  no  material 
deviation  from  the  airections  already  laid  down,  ex- 
cept that  another  kind  of  apparatus  is  used,  to  avoid 
the  loss  of  retorts  which  is  incurred  when  preparing  it 
in  the  laboratory.  It  is  particularly  necessary,  when 
working  upon  the  large  scale  with  condensers  in  the 
form  of  Woulfe’s  bottles,  to  have  the  joints  well  luted; 
this  is  effected  by  covering  each  connection  with  a 
paste  made  of  white  of  egg  and  chalk  intimately  ground. 
A better  composition  is  produced  by  blending  wax, 
resin,  and  turpentine  together;  this  should  be  ap- 
plied upon  the  connection  of  the  tubes  and  tubulures 
of  the  condensers  in  moderate  thickness.  If  this  point 
is  not  attended  to  with  care,  the  pressure  upon  the 
gas  forces  it  through  into  the  atmosphere,  causing  the 
workmen  considerable  aimoyance  tfil  arrested. 

Fig.  104  is  a vertical  section  of  an  apparatus  which 
answers  well  for  the  preparation  of  ammonia  on  a large 
scale. 

A is  an  iron  retort,  placed  in  sand,  over  the  fire  g,  of 
which  h is  the  ash-pit,  and  x the  cliimney ; a is  tlie 
stopper,  and  h an  iron  pipe  connected  to  the  neck  of 
the  retort,  and  reaching  some  distance  from  the  fur- 
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nace  to  the  end  of  the  tube,  c,  which  may  be  either 
of  glass  or  lead.  B is  the  first  condensing  vessel,  and 
is  supplied  with  three  tubulures,  through  the  middle 
one  of  which  a safety  tube  is  inserted,  e is  a stopcock 
and  pipe,  by  which  the  contents  of  b are  drawn  off 
when  requisite.  This  vessel  is  left  nearly  empty,  for 
the  purpose  of  purifying  the  gas  of  any  traces  of  am- 
moniacal salt  which  may  be  carried  over,  and  also  for 


retaining  traces  of  oily  matters  which  are  invariably 
present,  either  from  the  impurity  of  the  salt  employed, 
or  from  the  grease  with  which  the  stopper  is  besmeared 
to  prevent  it  from  adhering  too  tightly  in  its  place.  B 
is  connected  with  other  condensers,  of  which  only  one, 
c,  is  seen  in  the  figure ; these  vessels  are  filled  to  about 
three-fourths  of  their  capacity  with  water,  and  so  rapid 
is  the  absorption  of  the  gas,  that  scarcely  a trace  of 
ammonia  escapes  from  c,  tfil  the  solution  contained  in 
it  is  completely  saturated. 

When  this  happens,  the  solution  of  ammonia  is  drawn 
off  by  the  stopcock,  d,  and  the  very  weak  liquor  in  the 
third  condenser  supplied  instead,  or  it  is  recharged 
with  a fresh  quantity  of  water. 

In  this  process  it  is  very  easy  to  produce,  at  each 
operation,  an  ammoniacal  hquor  of  any  standard 
strength,  by  furnishing  each  condenser  with  a glass 
gage  pipe,  graduated  into  equal  parts,  sho^ving  the 
bulk  of  liquid  in  the  interior.  Whatever  be  the  quan- 
tity of  water  introduced,  it  expands  in  the  ratio  of  six 
to  ten,  as  before  stated,  on  being  completely  saturated 
with  the  alkaline  vapor,  or  in  less  proportion  according 
as  its  gravity  is  reduced.  At  the  first  working,  the 
measure  of  water  employed  is  noted,  and  also  the 
proportion  of  expansion,  till  it  approaches  that  point 
wliich,  by  calculation,  is  found  to  correspond  with  the 
strength  of  the  liquid  required;  this  may  be  coito- 
borated  by  drawing  off  portions  repeatedly,  and  taking 
their  density,  and  from  this  number  the  quantity  of 
ammonia  is  ascertained  by  the  aid  of  tables,  which 
Avill  be  foimd  further  on.  As  soon  as  the  exact  point  is 
gained,  the  gage  is  scratched  at  the  level  of  the  liquid, 
and  this  one  test  will  serve  for  all  future  operations 
where  the  ammonia  is  to  be  made  of  the  same  strength ; 
but  it  is  necessary  that  the  bulk  of  liquid  should  be 
always  equal  to  that  used  in  the  first  experiment. 

When  gas  ceases  to  be  evolved  from  the  mixture  in 
the  retort,  the  fire  is  partly  urged,  and  the  stopper 
removed  by  means  of  a lever.  If  the  stopper  be  so 
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firmly  fixed  that  it  cannot  be  readily  displaced,  a cloth 
moistened  with  cold  water  should  be  carefully  wrapped 
round  it,  without  touching  the  neck  of  the  retort ; this 
refrigeration  causes  a contraction  in  its  particles,  and 
will  enable  the  operator  to  remove  it  with  facility.  The 
residue — which  is  fused  chloride  of  calcium,  in  the 
event  of  the  chloride  of  ammonium  being  used — is  then 
ladled  out.  Should  sulphate  of  ammonia  be  operated 
upon,  considerable  quantities  of  water  are  employed, 
and  the  distillation  should  never  he  allowed  to  proceed 
to  dryness,  as  in  such  a case  the  sulphate  of  lime 
formed  would  constitute  a concrete  on  the  bottom  of  the 
retort,  which  could  not  be  removed  without  much  labor 
and  loss  of  time. 

All  the  ammoniacal  impurities  which  have  collected 
in  B dmlng  the  fii'st  distOlation  are  drawn  off,  and 
introduced  into  the  retort  in  the  second  operation,  to 
obtain  the  ammonia  which  they  hold,  and  a small 
quantity  of  fresh  water  is  substituted,  to  cover  the  lower 
end  of  the  safety  tube,  as  in  the  preceding  operation. 
This  apparatus,  when  once  erected,  will  last  for  a long 
time. 

A modification  of  the  foregoing  apparatus,  repre- 
sented in  the  annexed  cut — Fig.  105 — is  sometimes 
employed. 

a is  an  iron  kettle,  to  which  a metallic  lid,  6 b,  is 
adapted,  resting  upon 

Fig.  105.  blocks  or  ledges,  f f, 

in  the  interior  of  the 
vessel.  The  lid  is 
rendered  air-tight  by 
means  of  other  bars  of 
metal,  e e,  which  are 
soldered  fast  on  the 
outside  over  the  in- 
terior ones.  From  the 
middle  of  the  cover 
an  iron  pipe,  c,  rises, 
to  the  orifice  of  which 
another  pipe,  d,  bent 
at  right  angles,  is  sol- 
dered, for  the  pui-pose 
of  conducting  the  am- 
moniacal vapor  to  the 
condensers,  which  are 
similar  to  those  al- 
ready described.  A 
much  larger  quantity  of  water  must  be  used  in  this 
apparatus  than  in  the  preceding  one;  and  as  distilla- 
tion advances,  it  is  necessary  to  keep  up  the  supply 
throughout  the  process,  that  the  solder  may  not  melt, 
a circumstance  which  would  happen  were  this  pre- 
caution overlooked. 

Latterly,  as  the  demand  for  ammonia  and  its  salts 
became  greater,  its  manufacture  received  an  additional 
impetus,  and  several  patents  have  been  gi'anted  for  its 
preparation  ; most  of  them,  however,  relate  to  the  pro- 
duction of  the  salts  of  ammonia.  Those  patents  which 
are  considered  to  be  improvements  on  the  processes 
for  obtaining  ammonia  directly  for  the  manufacturer, 
as  well  as  for  other  requisites,  will  be  here  noticed. 

Mr.  Young,  in  1841,  took  out  a patent  for  preparing 
ammonia  from  guano;  the  method  which  he  recom- 


mends is  the  annexed : — The  retorts  are  filled  vertically 
with  two  parts  by  weight  of  guano,  and  one  part  by 
weight  of  hydrate  of  lime,  or  other  caustic  alkali,  and 
the  whole  is  intimately  mixed  by  the  aid  of  an  agitater 
placed  in  the  retort.  Having  well  mingled  the  materi- 
als, the  retorts  are  moderately  heated,  and  this  heat  is 
gradually  increased  to  redness.  The  combined  action 
of  the  heat  and  alkaline  compounds  disengages  all  the 
ammonia,  whether  it  be  in  the  form  of  salts  or  other 
complex  bodies,  such  as  urea  or  uric  acid,  and  the  gas 
thus  hberated  is  received  into  a condenser  filled  with 
water.  Other  gases  and  fluids  are  evolved  together 
with  the  ammoniacal  vapor,  the  uncondensable  por- 
tions of  which  pass  through  the  condenser  unaffected. 

An  ammoniacal  solution  is  obtained  by  the  destruc- 
tive distillation  of  bituminous  schist,  for  wliich  a patent 
was  granted  in  1841  to  Count  de  Hompesch,  who 
rendered  it  available  for  the  manufacture  of  ammoniacal 
salts. 

The  method  adopted  imder  Watson’s  patent  for 
procuring  ammoniacal  liquor  from  gas  water — sealed 
in  1838 — is  as  follows: — The  gas  water  is  run  into  a 
capacious  retort,  and  a suitable  quantity  of  slaked  lime 
added — the  amount  being  determined  by  the  quality  of 
the  crude  liquor;  heat  is  then  applied,  and  ammonia, 
tolerably  pure,  distils  over,  wliich,  on  being  received 
in  a vessel  of  cold  water,  forms  an  ammoniacal  liquor. 
When  considerable  quantities  of  steam  are  observed  to 
pass  over  with  the  vapor  of  ammonia,  the  strong  alka- 
line solution  already  formed  is  removed,  and  this  the 
patentee  calls  the  first  portion ; that  which  is  collected 
afterwards,  by  continuing  the  distillation,  he  names  the 
second  portion;  the  latter  is  weak  or  impure,  and  is 
returned  to  the  boiler,  with  a second  charge  of  lime  and 
crude  liquor,  to  undergo  another  distillation.  The  first 
portion  from  the  previous  operation  is  introduced  into 
the  retort,  mixed  with  a small  quantity  of  lime,  if  neces- 
sary, and  as  soon  as  the  disengaged  vapor  carries  steam 
with  it,  the  strong  hquor  in  the  condenser  is  to  be 
drawn  off  as  before,  and  this  he  calls  the  first  portion 
of  the  second  distillation.  The  distillation  is  continued 
as  long  as  it  yields  ammonia,  and  this  secondary  pro- 
duct is  returned  to  the  retort  as  before.  The  first  por- 
tion of  the  second  distillation  is  a concentrated  liquid 
of  sufScient  purity  for  all  ordinary  purposes  of  scouring, 
cleaning,  et  cetera,  but  it  may  be  still  further  improved 
by  distilling  a third  time,  in  the  same  way  as  already 
directed,  observing  that  the  portion  of  solution  which  is 
made  by  the  absorption  of  the  ammoniacal  gas  is  pre- 
served, and  the  residue  transfen-ed  again  to  the  retort. 

By  far  the  most  valuable  of  those  methods  which 
have  been  of  late  years  submitted  to  the  public,  is  that 
for  which  Mr.  Newton  took  out  a patent  in  1841 ; it 
consists  in  the  application  of  Coffey’s  stiU,  described 
at  page  76,  but  with  a few  modifications  to  adapt  it  to 
the  distillation  of  the  gas  water.  By  its  use  the  am- 
monia may  be  produced  of  any  density  up  to  its  most 
concentrated  state,  and,  consequently,  of  corresponding 
purity.  Having  made  the  reader  already  acquainted  with 
the  stiU  in  its  application  to  the  whisky  trade,  it  will  be 
unnecessary  here  to  enter  into  lengthened  details ; those 
specific  alterations  which  are  peculiarly  required  by 
the  operation,  will,  however,  be  pointed  out.  The 
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number  of  diaphragms  in  the  apparatus  is  increased 
or  diminished  accordmg  to  the  strength  of  the  product 
which  is  to  be  produced,  and  the  whole  apparatus 
may  be  constructed  of  wood  lined  with  sheet-lead, 
having  the  diaphragm  plates  in  the  interior  of  the  ana- 
lyzing column  formed  of  perforated  sheet-iron.  Each 
of  the  sheets  is  supplied  with  several  small  valves,  so 
weighted  as  to  open  upwards  whenever  the  elastic  vapor 
below  the  plate  exerts  more  than  a certain  amount 
of  pressure  upon  them,  The  ammoniacal  crude  liquid 
which  enters  at  the  top,  passes  downwards  through  each 
diaphragm  successively,  by  means  of  a pipe  rising 
about  one  inch  above  the  level  of  the  plate,  the  lower 
end  of  which  is  encased  in  a cup  fixed  upon  the  next 
diaphragm.  The  pipe  must  be  sufficiently  capacious 
to  carry  off  all  the  liquid  which  enters  at  the  top, 
and  as  the  solution  descends,  it  fills  the  small  cup, 
and  prevents  the  vapor  from  ascending  at  this  part  of 
the  plate.  Steam,  as  usual,  is  the  medium  which 
effects  the  elimination  of  the  volatile  body.  Accord- 
ing as  the  ammonia  is  to  be  procured,  the  supply  of 
liquor,  and  the  entrance  of  steam  beneath,  are  regu- 
lated. When  it  is  necessary  that  the  ammonia  should 
depart  from  the  top  of  the  rectifying  column  in  the 
form  of  gas,  the  flow  of  liquid  should  be  in  proportion 
to  the  ascending  steam,  in  order  that  the  liquor  in  the 
top  diaphragms  may  remain  at  little  more  than  the 
normal  temperature  of  the  atmosphere,  but  become 
hotter  as  it  falls  towards  the  under  reservoir,  where 
it  is  retained  for  some  hours  at  a boiling  heat,  to  ex- 
pel all  the  allcali.  On  the  contrary,  when  it  is  neces- 
sary that  the  ammoniacal  vapor  shoifld  be  in  company 
with  much  steam,  the  stream  of  liquid  entering  is  ele- 
vated to  nearly  its  boiling  point  in  the  top  diaphragms, 
by  means  of  the  larger  volume  of  steam  which  is  admit- 
ted from  the  boiler.  Concentrated  or  dilute  solutions 
of  ammonia  may  in  this  way  be  obtained  at  once  from 
salts,  the  acids  of  which  are  removed  in  the  usual 
manner  with  lime  or  alkali ; a product  of  considerable 
purity  is  also  derived  from  the  ammoniacal  liquids 
formed  by  the  distillation  of  bones  or  other  animal  mat- 
ters; but,  before  submitting  such  liquids  to  the  action 
of  the  heat,  it  is  necessary  to  remove  most  of  the  im- 
purities, and  the  combined  acid,  by  the  action  of  lime. 

It  is  customary  to  have  the  diaphragms  bent  up- 
wards, alternately,  at  opposite  sides,  so  as  to  conduct 
the  liquid  from  right  to  left,  and  conversely,  till  it 
reaches  the  bottom. 

Carbonic  acid  gas,  and  other  volatile  compounds, 
which  do  not  impair  the  use  of  ammonia  in  certain 
applications,  may  be  eliminated  from  this  still  with  the 
ammonia ; but,  in  this  case,  as  much  steam  should  be 
generated  in  the  liquor  as  will  effectually  prevent  the 
solidification  of  the  ammonia  by  the  carbonic  acid. 

The  specification  of  Laming’s  patent  recommends 
that  the  solution  of  carbonate  of  ammonia,  as  obtained 
from  bones,  should  be  decomposed  by  means  of  chloride 
of  calcium,  instead  of  the  mineral  acids  which  are 
usually  employed  for  that  purpose ; carbonate  of  lime 
is  formed,  and  chloride  of  ammonium  remains  in  solu- 
tion. After  filtering  or  siphoning  this  liquid,  he  boils  it 
for  an  hour,  by  which  treatment  any  gaseous  impuri- 
ties are  expelled.  As  soon  as  the  liquid  has  cooled. 


it  is  agitated,  first  with  sufficient  hydrated  oxide  of 
iron  to  precipitate  any  sulphide  of  hydrogen  that 
may  stfll  remain,  and  next  with  Arne  enough  to  satu- 
rate the  whole  of  the  combined  hydrochloric  acid; 
it  is  then  distilled.  By  this  treatment  a tolerably 
pure  solution  is  produced.  It  is  to  be  observed,  that 
when  ammonia  is  prepared  on  the  large  scale,  accord- 
ing to  the  method  first  described,  the  dry  salt  and  lime 
are  often  mixed  in  the  retort,  and  as  operations  are 
going  to  commence,  a quantity  of  water  is  added  for 
the  purpose  of  slaking  the  lime,  and  preventing  the 
mass  adhering  to  the  bottom  of  the  retort;  by  this 
means  so  much  heat  is  generated  that  considerable 
portions  of  the  ammonia  are  driven  over  to  the  re- 
ceivers, and  thus  fuel  is  economised.  To  prevent  the 
residue  hardening  when  the  distillation  is  carried  to 
dryness,  it  is  customary  to  add  a few  spadefuls  of  com- 
mon salt  to  the  mass. 


Liquid  ammonia  is  of  different  strengths,  according 
to  the  more  or  less  complete  saturation  of  water  with 
the  gas.  As  the  quality  of  the  solution  depends  mainly 
upon  the  available  ammonia  it  contains,  it  is  the  duty 
of  the  manufacturer,  as  weU  as  of  the  purchaser,  to  be 
acquainted  with  its  amount.  Specific  gravity  tables 
have  been  constructed  by  various  chemists,  for  the  pur- 
pose of  ascertaining  the  value  of  ammoniacal  solutions. 
In  the  formation  of  these  tables  a great  many  experi- 
ments were  performed  with  liquids  of  various  densities, 
for  the  purpose  of  arriving  at  their  content  of  am- 
monia, and  the  amount  corresponding  to  the  inter- 
mediate gravities  calculated  according  to  the  known 
properties  of  this  alkali. 

Of  these,  the  results  of  Dalton,  Davy,  and  Uee  are 
generally  preferred.  According  to  Davy,  the  ap- 
pended table  expresses  the  per  centage  in  every  hun- 
dred parts  of  liquid : — 


Specific  grravily  of 
the  liquid. 

Per  centage  amount 
of  ammonia. 

Specific  gravity  of 
the  liquid. 

Per  centage  amount 
. of  ammonia. 

0-8750 

32-50 

0-9435 

14-53 

•8875 

29-25 

•9476 

13-46 

•9000 

26-00 

•9513 

12-40 

•9054 

25-37 

•9545 

11-56 

•9166 

22-07 

•9573 

10-85 

•9255 

19-54 

•9597 

10-17 

•9326 

17-52 

•9619 

9-60 

•9385 

15-88 

•9692 

9-50 

Dalton  attaches  the  boiling  point  and  the  volume 
of  vapor  in  the  mixture : — 


Specific  gravity. 

Grains  of  ammonia 
in  a hundred  of  the 
liquid. 

Bolling  points. 

Volumes  of  gas 
in  one  volume  of 
the  solution. 

0-850 

35-3 

26° 

494 

•860 

32-6 

38 

456 

•870 

29-9 

50 

419 

•880 

27-3 

62 

382 

•890 

24-7 

74 

346 

•900 

22-2 

86 

311 

•910 

19-8 

98 

277 

•920 

17-4 

110 

244 

•930 

15-1 

122 

211 

•940 

12-8 

134 

180 

•950 

10-5 

146 

147 

•960 

8-3 

158 

116 

•970 

6-2 

173 

87 

•980 

4-1 

187 

57 

•990 

2-0 

196 

28 
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The  following  is  the  table  of  the  strength  of  caustic 
ammonia  compiled  by  Uee  : — 


Specific  gravity. 

Per  cent-  of  ammonia. 

Specific  gravity. 

Per  cent,  of  ammonia. 

0-8914 

27-940 

0-9363 

15-900 

•8937 

27-633 

•9410 

14-575 

•8967 

27-038 

•9455 

13-250 

•8983 

26-751 

•9510 

11-925 

9000 

26-500 

•9564 

10-600 

•9045 

25-175 

•9614 

9-275 

•9090 

23-850 

•9662 

7-950 

•9133 

22-525 

•9716 

6-625 

•9177 

21-200 

•9768 

5-500 

•9227 

19-875 

•9828 

3-975 

•9275 

18-550 

•9887 

2-650 

•9320 

17-225 

•9945 

1-325 

The  gravity  may  be  taken  by  an  ammoniometer,  or 
spirit  hydrometer,  or  in  a specific  gravity  bottle,  which, 
at  the  ordinary  temperature  and  pressure,  holds  a thou- 
sand grains  of  water. 

Prepared  by  the  usual  method,  ammonia  is  liable  to 
be  impregnated  with  chloride  of  ammonimn  and  sul- 
phate of  ammonia,  which  are  sublimed,  and  carried  over 
mechanically.  They  may  be  detected  by  neutralizing 
a portion  of  the  alkaline  solution  with  pure  nitric  acid, 
and  testing  the  liquid,  dmded  into  two  portions — one 
with  chloride  of  barium,  for  sulphuric  acid;  and  the 
other  with  nitrate  of  silver,  for  hydrochloric  acid.  A 
white  precipitate,  or  milkiness,  will  in  either  case  prove 
the  presence  of  the  acid  sought.  Should  any  lime  or 
chloride  of  calcium  be  carried  over,  which  is  rarely  the 
case  if  ordinary  precautions  have  been  taken,  it  may  be 
detected  by  evaporating  the  solution  to  dryness,  and 
heating  the  residue  to  dull  redness  for  a short  time,  to 
expel  any  traces  of  ammoniacal  salts  that  may  be  pre- 
sent; the  impurities  will  remain.  If  volatile  organic 
substances  be  mixed  with  the  compounds  from  which 
the  ammonia  is  derived,  they  may  be  carried  over  with 
the  vapor  and  condensed  in  the  receiver;  such  matters 
are  detected  by  the  brownish  or  dark  color  they  com- 
municate to  the  solution.  These  impurities  may,  for 
the  most  part,  be  removed  by  filtering  through  animal 
charcoal.  The  charcoal  absorbs  some  of  the  ammonia, 
and  should  be  washed  occasionally  with  water  to  abstract 
it;  the  washings  may  afterwards  be  distOled. 

Ammonia  has  been  a prolific  field  for  theoretical  and 
experimental  researches,  and  there  is,  perhaps,  no  com- 
pound in  chemistry  more  interesting,  or  which  acts  a 
more  important  part.  On  this  account  its  true  com- 
position ought  to  be  thoroughly  examined,  for  the  manu- 
facturer would  be  quite  abroad  in  his  calculations  of 
produce  and  decompositions,  unless  good  data  could  be 
laid  before  him  for  his  instruction  and  guidance.  The 
reader  must  not  suppose  that  the  minute  details  given 
in  this  work  are  superfluous;  every  ascertained  fact  is  a 
step  in  progress;  the  very  numerous  and  important  dis- 
coveries of  the  last  few  years  afford  room  for  valuable 
deductions,  so  suggestive  of  further  advancement,  that 
they  must  sooner  or  later  be  foimd  serviceable  to  in- 
dustrial enterprise. 

Regarding  ammonia,  the  tdew  taken  of  it,  previous 
to  more  modern  theories,  assumed  that  its  composi- 
tion in  all  cases  was  three  equivalents  of  hydrogen 
combined  with  one  of  nitrogen — NH^;  this  being  sub- 


stantiated by  the  analysis  of  the  diy  gas,  as  indicated 
by  the  formula  at  page  178.  When  this  compound 
united  with  water,  or  any  of  the  hydracids,  such  as 
hydrochloric,  hydrobromic,  or  hydriodic  acid,  the  com- 
bination was  presumed  to  have  taken  place  without 
any  change  being  effected  in  either  body,  and  the 
formula,  or  symbohcal  representation  of  such  com- 
pounds, was  N Hg  H E ; R being  any  negative  radical, 
such  as  oxygen,  chlorine,  bromine,  or  iodine.  On 
the  other  hand,  when  N Hg  united  with  oxacids,  the 
same  isolation  of  the  ammonia  was  preserved,  and  the 
formula  of  the  salt,  say  the  sulphate,  which  may  be  in- 
stanced as  a type,  ran  thus : — N Hg,  H 0,  S Og.  Now, 
as  there  exists  an  undoubted  analogy  between  all  the 
salts  which  ammonia  forms,  both  with  hydracids  and 
the  so-called  oxacids,  and  the  similar  compounds  which 
such  acids  form  with  the  other  allialies,  and  some  of 
the  metals  and  metallic  oxides,  Berzelius,  to  establish 
a corresponding  one  in  their  symbolical  representation, 
assumed  that  ammonia  was  the  oxide  of  a hypothetical 
metal,  ammonium,  the  symbol  of  which  was  N H^,  analo- 
gous to  the  other  metals.  The  fact  that  the  compound, 
ammonia,  in  the  former  view,  required  in  every  instance 
an  equivalent  of  hydrogen  in  the  acid,  or  water,  to 
form  a coiresponding  salt  or  hydrate,  seemed  to  justify 
the  hypothesis  of  the  great  Swedish  chemist  so  far  tliat 
his  view  has  been  almost  universally  adopted;  for — 

N Hg,  H 0 = N 0 

Ammonia  of  the  former  view.  Ammonia  of  the  Bcrzelian  view. 

And  in  like  manner — 

NH3,  HCl  = NH4CI 

Hydi'ochlorate  of  ammonia-  hy  the  Chloride  of  ammonium,  by  tho 
old  view.  Bcrzelian  theory. 

In  the  same  manner  the  composition  of  the  salts  fonned 
with  oxygen  acids,  such  as  the  sulphate,  was  represented 
in  the  old  nomenclature  as  N Hg,  H 0,  S Og,  while  in 
the  Berzehan  it  is  N H^  0,  S Og.  In  this  way  was  in- 
troduced a happy  conformity  in  the  formul®,  corre- 
sponding to  that  analogy  in  properties  and  appearance 
existing  between  the  salts  of  ammonia  and  those  of 
other  metals  similarly  constituted. 

But  if  it  be  assumed  with  Berzelius,  that  the  metal 
ammonium  exists,  and  that,  as  previously  explained, 
the  hydrogen  of  the  acid  associated  with  the  N Hg  of 
the  old  view,  is  necessaiily  abstracted  by  the  N Hg  to 
constitute  the  supposed  metal — then,  to  support  this 
assumption,  another  must  be  admitted  which  is  highly 
improbable,  namely,  that  the  affinity  which  the  radi- 
cals of  the  hydracids  manifest  for  hydrogen  is  less 
powerful  than  that  of  the  gaseous  compound  N Hg. 
And,  again,  if  it  be  supposed  that  the  compound  of 
hydrogen  and  nitrogen,  in  the  proportion  of  four  of 
the  former  to  one  of  the  latter,  is  a metal,  on  account 
of  the  relations  which  seem  to  bind  it  to  the  other 
metals,  and  their  combination  with  other  compounds — 
by  the  same  argument  it  must  be  admitted  that  P H^ 
is  also  a metal,  for  the  terhydride  of  phosphorus  PHg 
reacts  exactly  like  N Hg  towards  hydracids ; thus,  when 
influenced  by  hydroclrloric  or  any  such  acid,  instead  of 
P Hg,  H Cl,  it  is  by  the  Berzehan  demonstration  PH^  Cl, 
constituting  this  compound,  P H^,  a metal  analogous  to 
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ammonium,  N or  to  potassium,  K,  or  any  sucli 
metal. 

Kane,  in  his  investigation  of  the  ammoniacal  com- 
pounds, regards  the  dry  gas,  and  in  fact  all  the  ammo- 
niacal bodies,  as  springing  from  a radical,  amidogen. 
whose  formula  is  N H^,  having  the  closest  analogy  to 
oxygen  and  chlorine.  According  to  this  view,  dry  am- 
moniacal gas  is  represented  as  an  amide  of  hydrogen — ' 

NHg  = NH2-I-H  or  H-f-NHa 
Ammoniacal  gas.  Amide  of  bydrogcm 

Ammonia,  according  to  the  chemist  above-mentioned, 
possesses  the  property  of  a feeble  base,  and  is  capable 
of  uniting  with  dry  hydracids,  as  chloride  of  hydrogen 
— hydrochloric  acid — ^forming  chloramide  of  hydrogen, 
H N H^,  H Cl — chloride  of  ammonium.  It  also  enters 
into  direct  combination  with  dry  oxacids,  but  it  does 
not  then  form  the  proper  ammoniacal  salts,  which  all 
contain  an  essential  atom  of  water.  N H.  of  the  Berze- 
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lian  nomenclature  is  described  by  Kane  as  a subamide 
of  hydrogen,  N + 2 H,  or  H^N  Hj;  and  this  com- 
pound with  oxygen  he  regards  as  an  oxamide  of  hydro- 
gen, H,  N H,  0,  or  H N H^,  H 0. 

Another  peculiarity  of  the  bodies  which  amide  of 
hydrogen  forms  with  acids,  is  their  isomorphism  with 
those  of  the  magnesian  family  of  compounds,  conse- 
quently requiring  two  equivalents  of  base;  thus,  NH^O, 
S O3,  is  regarded  as  H N H^,  H 0,  S O3,  and  here  the 
H N Hj,  H 0,  is  isomorphous  with  potassa  and  soda. 

Each  of  these  theories  asserts  a claim  to  probabihty, 
and  might  be  regarded  as  a true  exponent  of  the 
behavior  of  the  compounds  in  question;  but  none  of 
them  will  obviate  all  objections.  The  generality  of 
the  chemists  concur  in  ascribing  the  preference  to  the 
Berzelian  view:  first,  because  it  is  more  simple,  and 
as  regards  the  combining  link  which  it  forms  in  the 
series  of  analogous  compounds  of  non-metallic  bodies, 
the  formulae  of  the  ammonia  series  of  salts  are  more  in 
harmony  on  this  hypothesis  than  on  any  other.  At  the 
same  time  it  must  be  borne  in  mind,  that  although  the 
chemical  relations  of  the  ammonia  salts  confirm  the 
ammonium  theory,  still,  neither  ammonium  nor  its  oxide 
is  capable  of  existing  uncombined. 

Ammonia  unites  with  all  acids,  forming  salts.  Those 
manufactured  to  any  extent  are,  the  cliloride,  the 
sesquicarbonate,  the  sulphate,  and  the  acetate. 

Chloride  of  Ammonium,  or  Sal-Ammoniac. — 
The  manufacture  of  chloride  of  ammonium  was  first 
practised  by  the  Arabians,  although  it  has  been  attri- 
buted to  the  Egyptians.  The  term  sal-ammoniacus, 
which  is  very  ancient,  has  been  applied  by  modem 
historical  writers  to  the  substance  which  is  now  under- 
stood by  that  name ; but  whether  the  ancients,  at  the 
period  in  which  this  term  was  used,  apphed  it  to  our 
cMoride  of  ammonium,  is  a doubtful  point.  Pliny  and 
his  cotemporaries  were  unacquainted  with  sublimation 
in  any  shape ; and  it  is  a fact,  that  even  the  process 
of  lixiviating  earths,  or  crystallizing  sahne  substances 
from  their  solutions,  was  so  ill  understood,  that  the 
native  compmmds,  however  impm-e,  were  employed  in 
the  manufactiue  of  inks,  colors,  et  cetera.  From  the 
many  evidences  and  arguments  adduced  by  Beck- 
mann, it  is  almost  certam  that  the  sal-ammoniacus  of 
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the  ancients  was  no  other  tlian  common  rock  salt. 
Indeed,  the  uses  to  which  it  is  stated  the  sal-ammonia- 
cus was  then  applied,  leaves  no  doubt  that  the  chloride 
of  ammonium  was  not  meant.  The  Arabian  writers 
are  the  first  who  transmit  accounts  of  the  true  sal- 
ammoniacus.  Geber  furnishes  a prescription  for  its 
purification  by  sublimation,  and  another  for  its  pre- 
paration; still  Beckmann  throws  a doubt  upon  the 
authenticity  of  these  statements,  as  to  their  being 
Geber’s,  on  account  of  the  various  additions  which 
were  introduced  into  his  works  by  more  modern  ■writers. 

Sal-ammoniacus  was  an  article  of  trade  about  the 
year  1410;  but  the  purposes  to  which  it  was  applied, 
or  the  mode  of  its  preparation  in  Egypt  at  that  period, 
have  not  been  recorded.  In  the  sixteenth  century 
many  of  its  properties  were  kno-wn,  particularly  its  be- 
ha-vior  with  nitric  acid  by  which  aqua-regia  is  formed. 

The  younger  Geoffroy  was  the  first  who  showed 
that  it  consisted  of  hydrochloric  acid  and  volatile  al- 
kali, and  that  it  could  therefore  be  produced  in  Europe 
by  sublimation.  An  account  of  the  sal-ammoniac — 
chloride  of  ammonium  — manufactories  at  Damayer, 
in  the  Delta,  was  given,  in  1720,  by  a Jesuit  named 
SiCARD.  It  is  uncertain  at  what  period  the  manu- 
facture became  general  in  Europe.  Large  manu- 
factories of  this  article  were  instituted  in  Scotland 
from  the  year  1750  to  1756.  Chloride  of  ammonium 
was  discovered  in  the  mineral  products  of  volcanic 
districts,  so  early  as  the  fifteenth  century.  It  is 
generally  met  with,  sublimed  among  other  volatile 
bodies,  in  the  fissures  of  lava,  particularly  at  Vesuvius, 
Etna,  in  the  Island  of  Volcano,  and  at  the  Solfatara, 
near  Naples.  Small  quantities  of  it  have  been  foimd 
in  the  vicinity  of  ignited  coal-fields,  as  at  St.  Etienne 
in  France,  in  Scotland,  and  at  Newcastle.  A variety, 
possessing  a greyish-white  color,  of  a conchoidal  frac- 
ture, has  been  mentioned  as  occinring  in  Bucharia. 
The  native  salt  is  generally  massive,  has  a fibrous  tex- 
ture, is  sometimes  plumous,  in  crusts,  and  in  minute 
octahedral  crystals ; its  color,  when  pure,  is  white, 
grey,  or  yellow;  transparent  or  opaque;  externally 
dull  or  glistening,  and  internally  shining  or  vitreous. 
The  salt  has  a pungent  and  saline  taste,  is  readily 
soluble  in  water,  but  does  not  attract  moisture  on  ex- 
posure to  the  air;  it  completely  volatilizes  in  white 
fumes  at  a high  temperature,  and  emits,  when  tritu- 
rated with  lime,  a strong  ammoniacal  odor. 

Two  samples,  from  Vesuvius  and  Bucharia,  yielded 
to  Klaproth  the  following  results : — 


Vesuvius. 

Bucharia. 

Chloride  of  ammonium,  . . , 

....  99-5  .... 

. ..  97-5 

Sulphate  of  ammonia, 

....  0-5  .... 

. . . 2-5 

100-0 

100-0 

Chloride  of  ammonium  is  prepared  by  the  chemist 
simply  by  neutralizing  pure  ammonia  ■with  hydro- 
chloric acid,  or  by  transmitting  a stream  of  the  gas 
into  a solution  of  this  acid  till  saturated,  and  then 
evaporating  and  crystallizing  the  salt.  The  proper- 
ties of  the  chloride,  in  a chemical  point  of  view, 
are  not  very  characteristic,  though  in  a manufacturing 
light  the  compound  is  highly  important ; these,  how- 
ever, will  be  mentioned  after  the  reader  becomes 
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familiar  with  the  chief  methods  followed  in  its  pre- 
paration on  a large  scale.  In  Egypt,  which  undoubt- 
edly was  the  great  seat  for  its  manufacture  from  the 
thirteenth  to  the  middle  of  the  seventeenth  century, 
and  whence  all  the  European  markets  were  supplied, 
the  following  is  the  process  by  which  they  obtain  it. 

The  great  source  is  the  urine  and  dung  of  the 
camel,  which,  as  Ure  relates,  are  dried,  by  plastering 
them  upon  the  walls,  and  burned  instead  of  other  fuel, 
which  is  very  scarce  in  that  country.  A fire  of  this 
material  evolves  a thick  smoke  charged  with  chloride 
of  ammonium,  part  of  which  is  condensed  in  the  soot; 
and  on  this  account  the  latter  is  carefully  collected 
throughout  the  country,  particularly  in  the  Delta 
district,  and  brought  to  the  sal-ammoniac  factories, 
for  the  purpose  of  distillation.  The  first  accurate 
account  of  the  manner  of  manufacturing  the  salt  in 
Egypt,  was  transmitted  thence  to  Europe  by  Lemere, 
French  Consid  at  Cairo,  in  1770.  The  soot  was  put 
into  large  round  glass  bottles,  which  were  externally 
coated  with  loam,  in  order  that  they  might  hear  the 
heat  better ; these  bottles  were  ranged  in  a long  ridge 
or  terrace,  in  such  a way  that  only  the  necks  were 
exposed  to  the  air,  while  the  flue  from  the  fimnace  cir- 
culated freely  round  each  of  the  bottles.  These  bottles, 
or  globes,  were  generally  a foot  and  a half  in  diameter, 
and  the  necks  about  two  inches  long.  Forty  pounds  of 
soot  formed  the  charge,  filling  each  of  them  to  within 
four  inches  of  the  neck;  and  from  this  weight  of  mate- 
rial about  six  pounds  of  the  salt  were  obtained.  A fire, 
made  of  dry  camel’s  dung,  heated  the  range  of  bottles; 
on  the  second  day,  when  the  bottles  became  heated, 
the  salt  commenced  subliming,  and  much  care  then 
became  necessary  on  the  part  of  the  attendant  to 
keep  their  necks  free  for  the  passage  of  the  rmcon- 
densed  vapors.  Towards  the  conclusion  of  the  opera- 
tion, the  fire  was  urged  to  bring  the  globes  to  incipient 
redness,  that  the  last  portions  of  the  salt  might  he 
disengaged.  At  the  end  of  the  third  day  the  fire  was 
extinguished,  and  as  soon  as  the  globes  cooled  they 
were  taken  out,  broken,  and  the  cake  of  salt  abstracted, 
which  in  this  form  was  exported  to  Europe.  On  break- 
ing the  bottles,  a nucleus  of  the  salt  was  found  sur- 
rounded by  a fixed  pulverulent  substance,  which  was 
taken  out  and  mixed  with  fresh  portions  of  the  soot 
in  the  succeeding  operation.  Evidently,  considerable 
quantities  of  the  salt  were  lost  by  this  mode  of  pre- 
paration. 

Geoffroy  relates  that  chloride  of  ammonium  was 
imported  from  India,  where  it  was  manufactured  in 
much  larger  quantities  than  in  Egypt.  It  assumed  in 
the  subliming  vessel  the  form  of  a sugar  loaf,  and 
weighed  about  fifteen  pounds.  These  loaves  were 
composed  of  three  distinct  layers;  the  upper  of  each 
was  impure,  and  was  generally  cut  off.  Egyptian  and 
Indian  sal-ammoniac  was  a dull,  spongy,  and  greyish 
mass,  considerably  inferior  to  the  compound  now  made ; 
nevertheless,  on  account  of  its  scarcity,  it  commanded 
a price  more  than  six  times  that  of  the  pure  article 
at  the  present  time. 

Before  the  introduction  of  gas-lighting,  the  chloride 
of  ammonium  made  in  Europe  was  obtained  from  offal 
or  the  refuse  cake  of  oil  presses,  either  by  allowing  it 
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to  undergo  the  putrefactive  fermentation,  or  submitting 
it  at  once  to  destructive  distillation ; the  latter  course 
was  adopted  in  Germany.  In  this  country,  soo  depo- 
sited from  pit  coal  was  once  employed  to  yield  the 
salt.  The  distillation  of  pit  coal  affords  considerable 
quantities.  The  first  factory  of  any  extent  which 
was  formed  in  France  for  the  preparation  of  ammo- 
niacal  products  from  this  substance,  was  imder  the 
superintendence  of  Beaum^;  it  failed  after  twenty- 
seven  years’  standing,  leaving  the  shareholders  sufferers 
to  the  amount  of  four  hundred  thousand  francs — ano- 
ther, among  many  instances  on  record,  of  a purely  the- 
oretical chemist  not  being  alwaj^s  the  fittest  person  to 
conduct  a manufactming  operation. 

At  present  the  salt  is  extensively  made  from  bones, 
which  are  distilled  in  iron  retorts,  for  the  preparation 
of  charcoal  for  depurating  purposes.  The  accompany- 
ing drawings — Figs.  106,  107,  and  108 — ^represent  the 
furnace  used  by  the  French  for  distilling  bones,  and 
obtaining  the  ammoniacal  compounds  and  the  oil  from 
them. 


Fig.  106  is  a longitudinal  vertical  section  of  the  re- 
tort, A A,  for  holding  the  bones,  showing  its  position  in 
the  dome  of  brick  which  encloses  the  fire,  B.  The  flue, 


after  passing  round  the  retort,  is  shown  to  advance  to 
the  front  of  the  furnace,  as  at  d,  before  it  returns  by 
the  arch,  E,  and  enters  the  chimney,  j,  at  the  back. 
The  pipe,  G,  emerging  from  the  far  end  of  the  retort, 
enters  the  cylinder,  H — Fig.  108 — ^into  which  it  con- 
ducts all  the  eliminated  products  of  the  distillation. 

Fig.  107  is  a vertical  section  of  the  series  of  retorts 
and  furnaces,  made  at  right  angles  with  Fig.  102,  and 
parallel  to  the  front  elevation.  AAA  are  the  retorts, 
and  B B B the  furnaces,  placed  immediately  imder, 
though  not  in  contact  with  them.  This  figure  shows 
more  clearly  the  circuitous  passage  of  the  flame  and 
heated  strata  of  vapor  from  the  fires,  b,  surrounding 
the  retorts  laterally  at  C C,  and  horizontally  at  D p, 
above,  as  well  as  at  the  fireplace  below.  When  the 
heated  air  reaches  the  front  of  the  chambers,  D,  it 
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returns,  as  seen  in  Fig.  106,  by  the  space,  e,  to  the 
chimney,  J , On  the  right  is  shown  the  safety-valve,  K, 


by  which  air  is  admitted  into  the  apparatus  when  the 
distillation  of  a charge  has  been  finished;  and  at  the 
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opposite  side  is  seen  a portion  of  the  pipe  which  con- 
ducts the  uncondensed  vapors  to  the  refrigerator. 

Fig.  108  exhibits  a horizontal  section  of  the  flues 
surrounding  the  retorts,  with  a view  of  the  condensing 
pipes  from  above.  In  this  figure  the  flues  are  seen  to 
rise  from  the  canals,  c c,  to  the  chambers,  D D,  at  the 
back,  through  / f,  and  from  D they  pass  off  similarly  to 
E,  at  the  front,  as  in  Fig.  106.  The  condensing  pipes, 
H and  1 1,  are  seen  vertically ; the  latter  are  rather  in- 
clined, and  enclose  the  entrance  pipe,  while  the  sur- 
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rounding  space  is  kept  replenished  with  cold  water, 
which  enters  at  the  lower,  and  is  discharged  at  the 
upper  pipe,  as  it  becomes  warm.  This  arrangement  is 
shown  in  the  section,  K.  From  the  end  of  the  last  refri- 
gerator, the  condensed  products  are  discharged  into  a 
suitable  receiver,  where  the  oil  collects  at  the  top  in  a 
layer,  and  is  skimmed  off,  leaving  the  ammoniacal 
liquor,  to  which  the  appropriate  acid,  whether  hydro- 
chloric or  sulphuric,  is  added  in  proper  proportion,  till 
VOL.  I. 


the  solution  is  neutrahzed ; the  liquid  is  then  pumped, 
or  otherwise  transferred,  to  the  evaporating  pans  to  be 
concentrated. 

Fig.  109  represents  a range  of  such  evaporating 
pans  as  are  used  in  France.  A A are  the  fires,  b b the 
ash-pits,  and  c c c c the  evaporating  pans,  which  are 
about  nine  feet  square,  and  eighteen  inches  in  depth, 
and  are  formed  of  sheet-lead;  their  front  rests  upon  a 
dome  of  firebrick,  and  the  remainder  is  supported  hy 
cast-iron  plates,  resting  upon  supports  of  brickwork, 
which  serve  to  disseminate  the  heat  of  the  furnace 
imder  the  bottom  of  the  pan. 

In  Fig.  110,  A shows  the  firebars  of  the  furnace,  and 
c the  course  of  the  flame,  interrupted  repeatedly  by  the 
upright  brick  walls,  serving  the  double  purpose  of 
equahzing  the  heat  under  the  pan,  and  of  supporting 
the  iron  plates  on  which  it  is  laid. 

When  impurities  pass  off  in  large  quantities  from 
the  distillation  of  the  bones,  and  are  condensed  in  the 
liquid,  they  are  almost  entirely  separated  in  the  tank 
on  the  addition  of  the  acid;  and,  before  evaporation,  it 
is  found  necessary  to  remove  them  completely,  which 
is  most  conveniently  done  by  a process  of  filtration. 
The  filters  consist  of  a long  wooden  box  lined  with 
sheet-lead,  and  having  an  outlet  pipe  at  its  lowest  end, 
for  the  purpose  of  drawing  off  the  liquid  into  the  re- 
ceiver. A frame,  corresponding  to  the  shape  of  the 
vessel,  is  adjusted  by  means  of  wedges,  perfectly  hori- 
zontal, and  within  an  inch  of  its  bottom.  Round  bars 
of  wood  are  fixed  lengthways  in  this  frame,  and  upon 
it  a canvas  or  stout  linen  cloth  is  drawn  tightly,  being 
secured  at  the  sides  and  ends  of  the  frame  by  means  of 
tacks.  On  passing  the  hquid  through  this  cloth,  most 
of  the  solid  Impurities  are  withheld ; and  in  order  that 
there  may  be  as  little  of  these  as  possible  retained  in 
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the  liquid,  it  is  returned  by  means  of  a pump  from 
the  tank  two  or  three  times,  to  undergo  fresh  filtrations. 
A common  receiver,  placed  below  the  others,  may  be 


made  to  communicate  with  any  of  the  filters  by  means 
of  intermediate  stopcocks. 

When  the  hquid  is  sufficiently  clear,  it  is  pumped  up 


Fig.  109. 


into  the  evaporating  pans  just  described,  and  con- 
centrated. As  soon  as  the  hquid  acquires  a certain 
gravity,  it  is  drawn  off  to  the  crystallizing  pans.  These 
are  wooden  boxes,  lined  with  sheet-lead,  and  are  of 
various  dimensions,  from  six  to  ten  feet  in  length,  three 
to  six  feet  in  breadth,  and  one  and  a half  to  three  in 
depth.  When  the  mass  of  salt  is  crystallized,  the  crys- 
tallizers can  be  inclined  towards  either  side,  in  order  to 


Fig.  110. 


drain  off  ah  the  mother  liquor,  which  is  received  in  an 
appropriate  cistern,  and  is  afterwards  pumped  into  the 
evaporating  pans,  to  be  concentrated  with  another  por- 
tion of  the  ammoniacal  liquor;  the  pump  employed  is 
made  of  lead,  hardened  with  antimony  and  tin. 

When  the  crystallized  chloride  of  ammonium  is  well 
drained,  it  is  submitted  to  the  subliming  process.  The 


arrangement  used  for  this  purpose  is  represented  in  the 
annexed  woodcuts — Figs.  Ill  and  112. 

The  sublimers  are  earthen  or  stoneware  pots,  placed 
in  two  ranks,  upon  the  arch  of  the  flue,  passing  from 
the  fire.  A,  which  heats  them.  The  longitudinal  section 
of  the  furnace — Fig.  Ill — shows  one  row  of  these  pots. 
Under  the  pots,  represented  in  the  engraving  by  D, 
circular  openings  from  the  main  flue  are  made  in  the 
arch  of  brickwork,  by  which  the  heated  vapor  and 
flame  are  made  to  circulate  around  them,  and  thus 
they  become  hot  enough  to  sublime  the  salt.  The 
bottles,  or  pots,  are  encased  in  the  furnace  to  their 
necks,  as  seen  in  the  front  view  and  transverse  section 
in  Fig.  112 ; and  a plate  of  iron,  with  indentations  cor- 
responding to  the  size  of  the  bottles,  runs  along  between 
the  two  lines,  as  shewn  at  b b.  The  space  between  this 
plate  and  the  dome  on  which  the  bottles  rest,  is  left  for 
the  free  circulation  of  the  flame  and  heated  air  of  the  fur- 
nace, which  effects  the  sublimation.  To  economize  fuel 
an  evaporating  pan  is  often  appended  to  the  sublimiug 
furnace ; and  the  heated  air  from  the  chamber  of  sub- 
limation, as  it  passes  to  the  chimney,  is  made  to  run 
along  a number  of  square  openings,  over  which  the 
evaporating  pan  is  supported  by  cast-iron  plates,  and 
at  the  end  of  this  pan  they  unite  into  one  flue,  just 
before  entering  the  chimney. 

The  salt  is  generally  dried  in  tliis  manner  previous  to 
being  sublimed. 

The  pots  are  of  variable  dimensions,  but  those  most 
frequently  employed  are  about  eighteen  inches  in  height 
in  the  body,  and  the  caps  about  ten  or  twelve  inches, 
with  a breadth  of  sixteen  inches  at  tlie  widest  part. 
The  annexed  numbers  show  the  produce  of  a large 
French  manufactory  of  ammonia  and  its  salts,  from  the 
distillation  of  bones  and  other  matters.  The  materials 
were — 


46,754  tons  of  bones  of  various  kinds, 

30  “ silk  waste  and  old  leather, 

llj  “ sulphuric  acid, 

80  “ chloride  of  sodium,  aud 

2J  “ sulphate  of  lime; 


and  the  produce — 

2,400  tons  of  animal  charcoal, 

44  “ chloride  of  ammonium. 

100  “ sulphate  of  soda, 

4 “ liquor  ammonia,  and 

25  “ sulphate  of  ammonia. 


I 
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In  this  manufactory,  the  sulphate  of  ammonia  is  ob- 
tained by  treating  the  ammoniacal  liquor — which  con- 
tains chiefly  carbonate  of  ammonia — with  sulphate  of 
lime,  when  double  decomposition  takes  place,  carbonate 
of  Hme  and  sulphate  of  ammonia  being  formed.  The 
latter  remains  in  solution,  and  may  be  obtained  by 
filtration  from  the  lime  precipitate,  and  subsequent 
evaporation  of  the  solution  in  the  manner  indicated  by 
the  nreceding  sketches  of  the  apparatus  employed. 


The  clfloride  is  prepared  either  by  adding  the  hy- 
drocliloric  acid  at  once  to  the  crude  hquor,  and  evapo- 
rating it,  or  by  converting  the  ammonia  into  the  sul- 
phate, and  decomposing  this  salt  by  clfloride  of  sodium, 
which  causes  the  formation  of  sulphate  of  soda  and 
chloride  of  ammonium ; the  latter  is  separated  by  sub- 
limation. Occasionally,  the  chloride  of  manganesium, 
from  the  refuse  liquor  of  chlorine  stills,  is  used  to  decom- 
pose the  crude  carbonate  of  the  alkah ; the  carbonate  of 


Fig.  111. 


manganese  precipitates,  and  is  separated  by  filtration, 
and  the  solution  of  the  ammonia  salt  is  treated  as  in 
the  other  instances. — Pharmaceutical  Journal. 

Ure  states,  that  when  offals  are  used  to  procure 
ammonia  by  their  destructive  distillation,  they  should 
not  be  heated  beyond  the  ordinary  temperature  re- 


quired to  disengage  their  ammoniacal  compounds,  in 
order  that  the  charcoal  which  such  matters  yield  may 
be  avaOable  in  the  mannfacture  of  prussian  blue.  Ac- 
cording to  this  chemist,  the  density  of  the  hquor  from 
the  distillation  of  the  bones  and  other  substances,  when 
mixed,  is  TOGO;  and  when  the  chloride  of  ammonium 


Fig.  112. 


is  prepared  by  means  of  sulphatfl  of  lime  and  common 
salt,  the  following  is  the  method  pursued : — 

The  crude  carbonate  of  ammonia  is  decomposed  by 
passing  it  through  a bed  of  sulphate  of  hme,  three  or 
four  inches  thick,  which  is  spread  out  upon  filters. 
The  hquor  may  be  poured  upon  the  gypsum  by  means 


of  a pump,  but  it  should  never  stand  higher  than  from 
one  to  two  inches  above  the  surface  of  the  coarsely 
ground  salt,  and  to  prevent  the  dissipation  of  any  of 
the  volatile  alkah,  the  vessel  should  be  closely  covered 
over  with  boards.  When  the  hquor  has  passed  through 
the  first  filter,  it  must  be  pumped  upon  the  second ; or 
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the  filters  being  in  a terrace  form,  the  liquor  from  the 

The  preceding  method  of  sublimation  is  never  fol- 

first  may  flow  down  upon  the  second,  thence  upon  a 

lowed  in  the  manufactories  of  ammoniacal  salts  in  this 

third,  and  so  on  in  succession.  The  last  filter  ought  to 

kingdom,  though  a process  somewhat  analogous  is 

be  composed  of  nearly  fresh  gypsum,  so  as  to  insure 

pursued  in  Glasgow,  where  the  salt  is  expelled  from 

the  thorough  conversion  of  the  carbonate  into  sulphate. 

cast-iron  pots,  fined  with  fireproof  tUes ; the  vapors 

The  resulting  layers  of  carbonate  of  lime  should  be 

are  received  and  condensed  in  a hollow  globular  head 

washed  with  a little  water,  in  order  to  extract  the  sul- 

of  green  glass,  with  which  each  of  the  iron  pots  is 

phate  of  ammonia  interposed  among  their  particles.  The 

capped.  The  chloride  of  ammonium  thus  formed  is 

ammoniacal  liquor  thus  obtained  must  be  completely 

sold  in  hollow  spherical  masses,  corresponding  in  shape 

saturated,  by  adding  the  requisite  quantity  of  sulphuric 

to  the  head  of  the  vessel,  being  previously  freed  from 

acid;  even  a slight  excess  of  the  acid  can  do  no  harm. 

any  adhering  impurities  by  mechanical  means.  The 

It  is  then  to  be  evaporated,  and  the  oil,  which  is  gene- 

residuary  matter  left  in  the  pots,  which  still  retains 

rally  carried  off  in  the  ammoniacal  liquor  in  combina- 

some  of  the  salt,  is  lixiviated,  and  the  liquor  worked  up 

tion  with  the  alkali,  and  is  set  free  by  the  slight  excess 

in  another  operation. 

of  acid,  must  be  skimmed  off  in  the  course  of  the  con- 

Ammoniacal  salts  are  now  more  extensively  pro- 

centraJ^ion.  When  the  liquid  sulphate  has  acquired 

duced  from  the  crude  liquor  of  gas-works  than  from 

the  uensity  of  IT 60,  clfloride  of  sodium  should  be  added 

any  other  source ; this  has  dispensed  with  the  dis- 

with  constant  stirring,  until  the  whole  quantity  required 

agreeable  necessity  of  collecting  and  storing  putrid  urine 

for  the  double  decomposition  is  introduced  into  the 

for  the  purpose— a practice  formerly  extensively  fol- 

boiler.  The  liquid  portion  must  now  be  drawn  off  by 

lowed. 

a siphon  into  a somewhat  deep  reservoir,  where  the 

In  a large  Glasgow  factory,  where  upwards  of 

impurities  are  allowed  to  subside;  it  is  then  evapo- 

seventy  thousand  gallons  of  gas  liquor  are  consumed 

rated  by  boiling,  till  the  sulphate  of  soda  falls  down  in 

weekly,  it  undergoes  the  following  treatment: — The 

gi'anular  crystals — as  the  result  of  the  mutual  action 

liquor  is  first  rectified  by  distillation  from  a waggon- 

of  the  sulphate  of  ammonia  and  chloride  of  ammonium. 

shaped  wi'ought-iron  boiler,  into  a square  cistern  of 

thus : — 

iron  fined  with  lead.  Forty -five  himdred  pounds  of 

NH40S03-fNaCl  = NH4Cl  + Na0S03, 

sulphuric  acid,  of  specific  gravity  1'625,  are  then 
added  slowly  to  the  somewhat  concentrated  distilled 

Sulphate  of  Chloride  of  Chloride  of  Sulphate  of 

ammonia.  sodium.  ammonium*  soda. 

ammoniacal  water.  The  produce  is  about  twenty-four 
hundred  gallons  of  solution  of  sulphate  of  ammonia, 

while  the  chloride  of  ammonium,  being  more  soluble, 

slightly  acidulated,  of  specific  gravity  IT 50,  being  of 

remains  in  the  liquid.  During  the  precipitation  of  the 

such  strength  as  to  deposit  a few  crystals  upon  the 

crystallized  sulphate  of  soda,  the  whole  of  the  liquid 

sides  of  the  leaden-lmed  iron  tank,  in  which  the  saline 

must  be  agitated  by  wooden  paddles,  or  spatulas,  the 

combination  is  made.  This  liquid  is  decomposed  with 

precipitate  being  in  the  intervals  removed  to  the  colder 

common  salt  to  obtain  the  chloride. 

part  of  the  pan ; thence  it  is  taken  by  means  of  copper 

The  following  routine  is  practised  at  the  factory  of 

rakes  and  shovels,  and  thrown  upon  the  draining  cop- 

Messrs.  Kurtz,  Cropper,  and  Co.,  in  Liverpool,  who 

per  placed  near  the  edges  of  the  pan.  The  drained 

kindly  laid  the  whole  of  the  several  processes  open  to  the 

sulphate  of  soda  must  be  afterwards  washed  with  a little 

Editor’s  inspection.  The  gas-works  supplying  the  crude 

cold  water,  to  extract  all  the  adhering  chloride  of  am- 

liquor  are  situated  on  each  side  of  the  factory,  at  the 

monium.  The  liquor  thus  freed  from  the  greater  part 

distance  of  three  quarters  of  a mile;  a communication 

of  the  sulphate,  when  sufficiently  concentrated,  is  to  be 

is  opened  by  means  of  a canal,  on  the  banks  of  which 

drawn  off  by  a leaden  siphon  into  the  crystallizers. 

are  the  two  establishments.  Flats,  constructed  of  sheet- 

where,  at  the  end  of  twenty  or  thirty  hours,  it  affords 

iron,  and  divided  into  compartments  of  known  capa- 

an  abundant  crop  of  crystals  of  chloride  of  ammonium. 

city,  convey  the  ammoniacal  liquor  to  the  factory.  As 

The  mother  water  may  then  be  run  off  from  the  crys- 

soon  as  the  flat  comes  alongside,  the  gas  liquor  is 

tallizers,  which  should  be  placed  in  an  oblique  position 

drawn  off  by  a hose,  eight  or  ten  yards  long,  to  a 

to  drain  the  salt;  when  this  is  done,  the  crystals  must 

receiver  placed  within  the  walls  of  the  premises;  thence 

be  washed,  first  with  a weak  solution  of  chloride  of 

it  flows  through  a conduit  pipe  to  large  subterranean 

ammonium,  and  next  with  a small  quantity  of  water. 

cisterns,  capable  of  holding  a hundred  thousand  gallons 

The  mass  of  crystals  is  then  desiccated  in  a furnace. 

or  more,  which  are  situated  nearly  in  the  middle  of  the 

where  all  the  moisture  is  removed,  after  which  it  is 

factory,  and  adjacent  to  large  tuns,  each  capable  of 

put  into  the  earthen  subliming  bottles  by  means  of 

holding  fourteen  to  eighteen  thousand  gallons.  Fig. 

a funnel,  and  rammed  down  tightly;  the  heads  are 

113  shows  the  front  of  these  tuns,  and  the  general 

then  placed  securely  on,  and  heat  cautiously  applied. 

apparatus  appended  to  them. 

so  as  to  effect  the  sublimation  of  the  pure  salt  from 

By  means  of  a pump,  a,  connected  with  the  reser- 

the  bottom  to  the  upper  part  of  the  bottle,  and  the  vent 

voirs,  the  crude  liquor  is  raised  into  the  tuns;  and 

hole,  as  shown  in  the  section  of  the  bottles  in  the  fore- 

after  a considerable  quantity  has  been  pumped,  strong 

going  Fig.  112,  must  be  cleared  from  time  to  time,  by 

hydrochloric  acid,  in  the  proportion  of  one  and  a half 

means  of  a long  steel  skewer,  to  prevent  the  risk  of 

or  two  pounds  to  the  gallon  of  the  crude  liquor,  is  intro- 

choking,  or  consequent  bursting ; in  spite  of  these  pre- 

duced  by  the  aid  of  a pulley,  or  crane,  and  gutta 

cautions  it  happens,  however,  that  several  of  the  bottles 

percha  carboys,  as  shown  in  the  engraving.  Metallic 

crack  in  almost  every  operation. — Ure. 

pumps  cannot  be  used,  on  account  of  the  corrosive 
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action  of  the  acid,  and  even  pumps  made  of  gutta 
percha  do  not  answer. 

When  the  proper  quantity  of  acid  has  heen  added, 
both  hquors  are  intimately  mixed  by  an  agitater  placed 
within  the  tuns,  and  worked  by  the  same  machinery  as 
the  pump  in  connection  with  the  subterranean  reser- 
voir; this  machinery,  however,  is  not  seen  in  the 
figure.  Disagreeable  vapors,  in  large  quantity,  con- 
sisting of  sulphide  of  hydrogen  and  other  injurious 
gases,  are  disengaged  during  the  saturation  of  the 
liquid ; these  are  not  permitted  to  escape  into  the  at- 
mosphere, till  they  first  traverse  the  fire  belonging  to 
the  steam-engine,  being  conducted  thither  by  the  pipes, 
D D. 

The  liquor  in  the  tun  should  have  a faint  but  dis- 
tinct acid  reaction.  The  hydi-ochloric  acid,  besides 


uniting  with  the  ammonia,  causes  the  tar  and  other 
bodies,  held  mechanically  and  in  solution,  to  separate 
and  subside  to  the  bottom  of  the  tun  in  the  course 
of  three  or  four  days,  leaving  the  supernatant  liquor 
much  purer,  but  stiU  deeply  colored. 

It  is  then  drawn  off  at  several  outlets,  shown  by  the 
dots  in  the  sides  of  the  tuns,  but  which  are  kept 
plugged  during  the  previous  part  of  the  operation,  and 
conducted  by  small  sluices  or  troughs,  appended  to 
them  when  required,  to  the  store  vats  and  the  several 
concentrating  pans,  all  of  which  are  constructed  of 
cast-iron  plates  riveted  together.  The  deposits  of  tar 
and  other  matters  are  drawn  off  at  the  lower  openings, 
or  by  the  tap  in  the  pipe,  E,  when  they  have  accu- 
mulated to  that  elevation,  though  this  rarely  hap- 
pens, to  a well  or  reservoir  adjoining,  wdience  they  are 


pumped  into  barrels,  to  be  carried  to  another  depart- 
ment of  the  factory,  as  shown  in  the  sketch.  When 
there  is  a superabmidance  of  crude  ammonia  liquor,  it 
is  conducted  by  the  pipe,  e,  to  the  sulphate  of  ammo- 
nia works  in  this  establishment. 

The  evaporators  are  square,  rectangular,  or  circular 
cast-iron  vats,  capable  of  holding  from  eight  to  fifteen 
hundred  gallons ; some  of  them  are  partly  incased  in 
brickwork.  Heat  is  applied  usually  by  a fire,  the  fine 
of  which  takes  a sinuous  course  beneath  the  lining  of 
brickwork  on  which  the  pan  rests.  During  the  con- 
centration, considerable  quantities  of  petroleum  and 
other  impurities,  not  deposited  in  the  tun,  separate, 


and  are  immediately  removed  by  skimming.  The 
liquor,  which  marked  only  5°  Twaddle  previous  to 
being  submitted  to  the  action  of  heat  in  the  pans,  is  of 
50°  Twaddle,  or  1-25  specific  gravity,  when  transferred 
to  the  crystallizers.  As  the  solution  is  slightly  acid 
when  drawn  over  from  the  mixing  tun,  this  acidity 
becomes  more  distinct  as  the  excess  of  water  is  dis- 
sipated, and  might  be  productive  of  inconvenience  if 
it  were  not  neutralized  from  time  to  time  by  the 
addition  of  quicklime  or  chalk  in  small  quantities; 
but  a more  economical  way  would  be  to  saturate  it 
with  ammoniacal  liquor.  The  neutralizing  is  advanta- 
geous likewise  in  precipitating  any  sesquioxide  of  iron 
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wliich  might  prove  deleterious  in  the  subsequent  opera- 
tions. The  liquid  being  brought  to  the  gravity  T25, 
as  above  noted,  is  run  off  to  the  crystallizers,  •which  are 
for  the  most  part  circular  tubs,  from  seven  to  eight  feet 
in  diameter  and  t'wo  to  three  in  depth ; they  are  partly 
imbedded  in,  or  rest  upon,  the  ground. 

Fig.  114  is  a view  of  a range  of  these  vessels ; they 
are  so  placed  that  the  concentrated  solution  of  the 
chloride  of  ammonium  can  be  dra^wn  into  them  from 
the  boilers. 

According  to  the  state  of  the  weather,  the  salt  crystal- 
lizes out  in  four  or  six  days.  In  crystallizing  the  chlo- 
ride of  ammonium,  it  is  not  desirable  to  have  large  and 
well-defined  crystals,  especially  when  the  salt  is  after- 


to crystallize,  after  which  the  mother  liquor  is  re- 
moved through  an  opening  at  the  bottom  to  a well 
sunk  in  the  ground,  whence  it  is  again  pumped  into 
the  concentrating  pans  as  sho'wn. 

Chloride  of  ammonium,  as  obtained  by  the  first  crys- 
tallization, is  a blackish  salt,  interspersed  -with  moder- 
ately large  cubical  crystals.  The  blackness  arises 
from  tarry,  oleaginous,  and  other  impurities,  mechani- 
cally held  in  the  liquor,  which  fall  down,  more  or  less, 
with  the  crystals;  the  chloride  also  contains  mechanical 
water,  some  sulphates  and  hjqiosulphites,  all  of  which 
tend  to  deteriorate  the  quality  of  the  article,  if  the 
mass  were  submitted  to  sublimation  in  their  presence. 
To  get  rid  of  these  impurities  as  much  as  possible,  the 
well-drained  crystals  are  introduced  into  the  bed  of  a 
drjdng  furnace,  covered  'with  a cast-iron  plate,  the 
whole  surmounted  with  a dome  of  brickwork,  and 


wards  submitted  to  sublimation ; the  process  becomes 
much  more  difficult  -with  such  crystals  than  ■with  the 
more  divided  salt,  on  account  of  the  cohesiveness  of 
the  former,  which  has  to  be  overcome  by  the  compa- 
ratively small  surface  exposed  to  the  heat.  On  the 
contrary,  when  small  crystals  are  submitted  to  the 
heat,  tlie  cohesion  offers  scarcely  any  resistance,  and  a 
greater  surface  is  exposed,  so  that,  in  this  instance,  the 
sublimation  proceeds  rapidly.  Hence,  when  the  solu- 
tion of  the  salt  is  set  to  solidify,  the  crystals  which 
form  on  the  top,  as  well  as  those  on  the  sides  and 
bottom  of  the  vessels,  are  broken  by  agitating  the  liquor 
every  six  or  eight  hours,  according  to  its  state  of  con- 
centration. Eight  or  ten  days  are  allowed  for  the  salt 


erected  near  the  sublimers.  This  drying  bed  is  heated 
by  a fire  placed  under  it,  the  flue  of  which  is  brought 
several  times  into  such  a position  that  the  plate  is 
within  its  influence.  The  charge  introduced  into  this 
chamber,  -which  is  between  six  and  eight  feet  in  length 
and  about  four  feet  in  breadth,  is  sufficient  to  cover 
the  entire  plate  to  the  depth  of  four  inches.  The 
heat  should  never  be  raised  to  a high  degree,  lest 
some  of  the  salt  he  volatilized.  Wlien  all  the  water 
and  free  acids  are  removed,  and  the  tarry  impmities 
for  the  most  part  decomposed,  the  greyish-white  mass 
is  drawn  out  and  supplied  to  the  sublimers,  where  the 
salt  is  eliminated  from  the  foreign  impurities. 

The  sublimers  are  circular  spaces,  constructed  ip 
a mound  of  brickwork,  walled  interiorly  with  firebrick, 
and  lined  with  cast-iron  plates,  round  the  sides  of 
which  the  flue  from  the  fire  underneath  coils,  after 
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it  passes  from  the  bottom.  These  subliming  vessels 
are  capped  by  a cast-iron  cover,  somewhat  of  the 
shape  of  a flat-bottomed  watch-glass.  They  are  from 
three  to  nine  feet  in  diameter,  and  their  concavities 
about  two;  they  weigh  from  ten  to  thirty  hundred- 
weight. Three  rings,  at  equal  distances,  allow  of  their 
being  lifted  off  by  means  of  a pulley  and  chains  which 
can  be  attached  to  these  rings.  When  in  active  opera- 
tion, a pressure  of  from  three  to  four  pounds  per 
square  inch  bears  against  them,  which  requires  their 
being  firmly  fixed  to  the  flat  rim  of  the  body  of  the 
subliming  vessel.  In  the  centre  of  some  of  these  is  a 
small  hole,  wliich  is  closed  by  an  iron  spindle;  this  is 


removed  from  time  to  time,  to  allow  any  elastic  uncon- 
densable products  to  escape. 

The  annexed  woodcut — Fig.  115— is  a view  of  these 
sublimers  and  drying  furnaces.  They  are  heated  bj 
the  fires,  which  are  briskly  kept  up  till  the  sublimers 
and  their  surroundings  attain  a sufficient  degree  of 
heat;  they  are  then  slackened,  and  maintained  at  a 
mean  temperature. 

Much  of  the  success  of  the  sublimation  depends  upon 
the  regulation  of  the  heat ; too  high  a temperature 
win  not  answer,  for  then  large  quantities  of  empyreu- 
matic  bodies  would  be  disengaged  by  the  further  de- 
composition of  tarry  matters,  which  would  in  some 
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measure  interfere  with  the  operation,  and  prevent  the 
salt  sohdifying ; and  should  the  temperature  be  under 
the  true  medium,  there  will  be  a looseness  of  texture 
and  an  opacity  in  the  salt  greatly  against  its  value  in 
the  market.  As  the  attendant  cannot  conveniently 
ascertain  the  most  suitable  temperature,  any  scien- 
tific directions  for  that  purpose  would  be  lost  upon 
him;  he  may,  however,  by  simple  means,  discover 
what  costly  pyrometers  might  fail  to  demonstrate  in 
his  hands.  A few  drops  of  water  should  readily 
boil  on  the  cover  of  the  sublimer,  and  be  pretty  soon 
dissipated  in  vapor ; but  the  evaporation  should  not  be 
so  rapid  as  to  indicate  that  the  heat  was  approaching 
to  redness ; neither  ought  the  heat  to  be  so  far  raised 
as  to  cause  a drop  of  liquor  to  dance  about,  out  of 
contact  witli  the  iron.  A short  practice  and  atten- 


tive observation  will  enable  the  operator  to  govern 
the  fire  with  effect.  The  top  of  the  sublimer  is  inva- 
riably covered  with  some  non-conducting  material, 
that  tlie  caloric  may  be  economized  as  much  as  possible. 

As  the  size  of  the  sublimers  varies,  as  above  stated, 
so  also  does  the  amount  of  the  charges,  being  from  half 
to  two  or  two  and  a half  tons  weight  of  the  salt ; the 
former  is  sufficient  for  the  sublimers  of  three  feet 
diameter,  and  the  latter  for  those  which  are  nine  feet; 
sublimers  of  five  feet  diameter  generally  require  from 
fifteen  to  eighteen  himdredweight  of  the  salt. 

In  consequence  of  chloride  of  ammonium  stiU  re- 
taining some  traces  of  water,  even  after  the  torrefac- 
tion  in  the  drying  furnace,  and  as  it  is  liable  to 
absorb  a little  from  the  atmosphere  while  the  work- 
men are  transferring  it  to  the  sublimers,  the  first 
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coating  of  the  salt  in  contact  with  the  cover  is  always 
brownish.  Several  reasons  might  be  assigned  for  such 
an  effect:  firstly,  the  moisture  condensing  upon  the 
head,  and  softening  any  trace  of  oxide,  would  cause  it 
to  sink  into  the  layer  of  salt  that  deposits  thereon; 
secondly,  decomposition  of  any  resinous  matters  not 
completely  destroyed  in  the  drying  furnace,  whereby 
oily  vapors  would  be  hberated ; and  lastly,  the  presence 
of  the  sesquichloride  or  protochloride  of  iron.  The 
effect  of  the  latter,  however,  is  not  immediately  on 
the  first  layer,  but  more  generally  afterwards,  when  a 
higher  temperature  pervades  the  whole. 

The  termination  of  the  sublimation  takes  place  in 
from  five  to  nine  days;  but  it  is  customary  to  raise 
the  caps  every  week,  the  fire  being  checked  for  some 
hours  previous  to  this.  The  salt  is  not  completely 
sublimed,  because  the  temperature  required  to  expel 
the  whole  would  cause  the  decomposition  of  the  car-  i 
bonaceous  impimties,  and  emit  vapors  which  would 
destroy  in  a great  measure  the  beauty  of  the  article. 
When  a low  heat  is  communicated,  or  the  com- 
poimd  consigned  to  the  subliming  furnaces  is  impure, 
the  chloride  does  not  assume  that  compactness  of 
grain  which  conduces  to  its  transparency,  but  forms  a 
kind  of  effloresced  mass,  though  retaining  the  fibrous 
construction  of  the  better  quality.  When  the  sub- 
limation has  reached  as  far  as  is  desirable,  the  fire, 
as  already  stated,  is  allowed  to  go  out,  that  the  ap- 
paratus may  cool;  the  cover  is  then  removed  by 
means  of  the  tackle  before  noted,  and  there  is  foimd 
in  the  interior  a hard  lining  of  the  salt,  from  two  and 
a half  to  three  or  four  inches  thick ; this  is  detached 
and  conveyed  to  the  packing-house  or  store,  and  the 
residuary  matter  remaining  in  the  body  of  the  sub- 
limers  is  removed  to  another  part  of  the  factory  to  be 
converted  into  sulphate  of  ammonia.  The  business  of 
the  packing-house  is  to  separate  from  the  cake  the 
brown  coating  arising  from  contact  with  the  iron, 
and  the  causes  before  alluded  to,  by  means  of  axes, 
after  which  it  is  broken  up  into  convenient  pieces, 
and  packed  in  casks  and  barrels  for  market.  Messrs. 
Kurtz,  Cropper,  and  Co.,  prepare  during  the  winter 
months  about  fifteen  tons  weeldy  of  the  impure  chloride, 
part  of  which  is  sublimed,  so  that,  on  an  average,  about 
six  to  eight  tons  of  the  latter  are  weekly  ready  for  the 
market:  the  remainder  of  the  impure  salt  is  used  for 
the  preparation  of  sesquicarbonate  of  ammonia,  or  other 
salts  of  this  alkali.  The  greater  part  of  the  chloride  of 
ammonium  is  employed  by  color-makers  and  calico- 
printers,  and  by  metallurgists  for  galvanizing  iron. 

SULPHATE  OF  AMMONIA.— Sulphate  of  ammo- 
nia is  obtained  at  the  above-mentioned  factory  by  the 
following  process : — A large  pipe,  connected  with  the 
mam  Uquor  tank,  mentioned  in  the  foregoing  pages, 
conveys  a quantity  of  hquor  to  a large  boiler  in  the 
part  of  the  factory  appropriated  to  the  making  of  this 
article.  The  boiler  is  placed  over  a fire,  the  flue  from 
which  circulates  round  the  bottom  and  sides;  a large 
pipe  issues  from  its  upper  surface  top,  and  descends 
through  an  adjoining  tun,  containmg  sulphuric  acid, 
to  its  bottom.  By  bringing  the  contents  of  the  boiler 
to  ebullition,  the  free  ammonia  is  driven  off  through  the 
pipe  into  the  tun  containing  the  acid;  here  it  is  ab- 


sorbed by  the  sulphuric  acid,  giving  rise  to  sulphate  of 
ammonia.  Distillation  is  continued  tiU  no  more  am- 
moniacal  vapors  are  eliminated,  and  then  the  fire  is 
checked,  while  the  residual  hquor  is  drawn  off  and 
mixed  with  cream  of  hme,  to  give  it  a strong  alkaline 
reaction;  the  whole  is  then  run  into  a second  and  larger 
boiler,  like  the  preceding,  on  the  principle  of  a still ; 
under  this  a brisk  fire  is  applied,  and  the  ammoniacal 
vapors  liberated  by  the  action  of  the  lime  are  trans- 
mitted through  the  sulphuric  acid  solution  in  the  tun. 
After  aU  the  ammonia  is  obtained,  the  waste  hquor  is 
run  off. 

During  the  time  the  alkaline  vapors  are  blown 
through  the  sulphuric  acid  liquor,  much  water  is  re- 
moved from  the  solution,  by  the  heat  from  the  steam 
and  ammoniacal  gas,  so  that,  in  further  concentrating 
the  liquor,  less  fuel  is  required.  The  evaporating  pans 
1 are  similar  to  those  used  for  boiling  down  the  chloride 
of  ammonium  solution ; but  much  more  care  is  requisite 
when  fire  is  applied  directly  to  the  pans,  than  when  the 
concentration  is  effected  at  a steam  heat ; for  the  organic 
matter  which  the  liquor  contains  partially  decomposes 
the  sulphate  into  hyposulphite  or  sulphide,  which  reacts 
upon  the  iron  pans,  or  by  the  excess  of  acid  present 
is  decomposed,  giving  off  sulphurous  acid  or  sulphide  of 
hydrogen  gas.  The  overseer  should  be  carefffl  in  ob- 
serving if  any  traces  of  an  odor  resembling  that  of  rotten 
eggs,  which  characterizes  sulphide  of  hydrogen,  be- 
come sensible , this  teUs  that  the  decomposition  is  tak- 
ing place,  and  of  course  admonishes  him  that  it  should 
be  prevented  by  immediately  withdrawing  the  fire  or 
slacking  it.  Crystallized  sulphate  of  ammonia  obtained 
in  the  first  operation,  is  much  purer  than  the  chloride 
of  ammonium  already  described,  in  consequence  of  the 
impurities  of  the  crude  liquor  being  removed  by  the 
distillation.  After  the  crystallization,  the  crude  liquor 
which  is  stiU  acid  is  returned  to  the  txm,  to  combine 
with  further  quantities  of  ammonia. 

Besides  the  ordinary  liquor,  the  impure  chloride  from 
the  packing-house  and  the  refuse  of  the  sublimers  are 
sometimes  decomposed  by  hme,  as  in  the  preceding  case, 
and  the  eliminated  ammonia  transmitted  through  the 
acid  solution  to  form  sulphate ; but  they  are  generally 
used  to  prepare  the  carbonate.  The  sublimation  of  the 
crystaUized  sulphate  cannot  well  be  effected ; but 
chloride  of  ammonium  may  be  prepared  from  it,  by 
mixing  it  with  a proportionate  quantity  of  chloride  of 
sodium,  and  then  heating;  the  chloride  is  sublimed, 
and  sulphate  of  soda  remains  in  the  bottom  of  the  sub- 
hmer. 

About  six  tons  are  manufactured  weekly  by  Messrs. 
Kurtz,  Cropper,  and  Co.,  and  fi'om  a million  and  a 
half  to  two  million  gallons  of  ammoniacal  liquor  are 
worked  up  annually.  In  subliming  ammoniacal  salts, 
considerable  advantage  results  from  the  use  of  large 
vessels,  as  the  labor  of  attending  them  is  in  a great 
degree  hghtened,  and  the  fire  which  is  requisite  to  heat 
an  apparatus  of  three  feet  in  diameter,  would  serve, 
with  very  little  addition,  to  sublime  the  contents  of 
one  of  nine  feet ; the  time  required  also  in  working  the 
charge  of  each  sublimer,  whether  it  be  three,  five,  or 
nine  feet  diameter,  is  nearly  the  same,  though  the 
quantity  of  salt  produced  by  the  larger  ones  is  very 
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different.  They  have  been  used  with  satisfaction  in  the 

order  to  prevent  the  formation  of  the  well-known  dan- 

form  described;  but  a further  advantage  would  be 

gerously  explosive  mixture — chlorhydrido  of  nitrogen — 

gained  by  having  the  bottom — instead  of  being  flat,  as 

N CL  N / S 

is  the  construction  at  present — rising  in  a slanting 

e.13,  IN 

direction  from  the  sides  to  the  centre.  In  this  way  the 

The  action  of  the  chlorine  in  the  first  instance  is 

heat  would  be  sooner  communicated  to  the  whole  of 

represented  by  the  equation ; — 

the  material  introduced,  and  the  time  required  for  sub- 

2 (Fe  Cl)  -b  Cl  = Fea  CI3 

limation  would  be  shortened.  Ammoniacal  gas  liquor 

yields  from  three-quarters  to  one  pound  and  a quarter 
of  salt  per  gallon  of  liquor,  but  this  quantity  is  subject 
to  much  variation  from  many  causes. 

and  that  of  the  ammonia,  in  precipitating  the  sesqui- 
oxide of  iron  from  the  latter,  is  thus : — 

In  the  manufactme  of  chloride  of  ammonium,  as 

Fe2Cl3-l-3NH40-b3H0  = (Fe2  03,3H0)  -|-3(NH4C1) 

already  described,  if  the  purification  of  the  liquor  be  not 

SesqnicWoriae  Ammonia.  Water.  Sesqtuoaide  of  Chloride  of 

effected  before  crystallizing  the  salt,  some  traces  of 

protochloride  of  iron  are  generally  present,  and  often  it 

The  specification  of  Mr.  Croll’s  patent  gives  the 

is  found  in  large  proportions.  When  the  crystals  are 

following  instructions  for  the  preparation  of  ammonia- 

submitted  to  the  heat  in  subliming,  the  chloride  of  iron 

cal  salts : — A vessel,  similar  to  those  used  for  purifying 

is  volatilized,  and  is  blended  with  the  ammoniacal  salt 

coal  gas  by  means  of  moistened  quicklime,  is  filled  with 

in  the  colorless  as  well  as  in  the  dark  or  brown  seams 

a solution  of  chloride  of  manganesium,  made  by  dissolv- 

of  the  cake. 

ing  one  hundredweight  of  that  salt  m forty  gallons  of 

WuRTZ,  who  examined  this  substance,  states  that 

water,  and  the  gaseous  ammonia,  generated  in  the  usual 

neither  the  brown  nor  colorless  portions  of  the  subli- 

way,  is  passed  through  it  by  the  pressure  from  the 

mate  give  any  indications  of  iron,  with  the  usual 

retort.  The  manganic  solution  absorbs  the  ammonia. 

reagents,  until  nitric  acid  has  been  added  to  convert  the 

which  precipitates  a corresponding  proportion  of  oxide 

protosalt  of  hon  into  the  sesquisalt,  after  which  the 

of  manganesium,  and,  as  soon  as  fully  saturated,  it  is 

blue  precipitate,  or  coloration,  with  ferrocyanide  of 

dravm  off,  and  a fresh  charge  introduced. 

potassium,  and  the  red  with  the  sulphocyanide  of  potas- 

When  sulphuric  acid  is  combined  with  the  alkali,  a 

sium,  become  very  distinct.  It  was  not  generally  con- 

vessel,  similar  to  that  for  washing  the  gas,  is  used,  the 

sidered  that  the  colorless  chloride  of  ammonium  con- 

sulphuric  acid  being  of  specific  gravity  1-845,  and  in 

tained  iron,  till  the  above-named  chemist  noticed  it. 

the  proportion  of  two  pounds  and  a half  of  acid  to  a 

It  seems  that,  although  the  iron  might  be  present 

hundred  gallons  of  water.  The  gas  is  passed  into  it 

originally  in  the  lie  as  a sesquisalt,  it  is  subsequently 

tin  the  liquid  marks  a specific  gravity  of  1'170,  when 

converted  into  a protosalt  by  the  reducing  power  of 

it  is  drawn  off  and  a second  charge  supplied. 

chloride  of  ammonium.  The  reaction  may  be  repre- 

In  preparing  chloride  of  ammonium,  the  hydi'o- 

sented  as  follows ; — 

Fea  CI3  -f  N H4  Cl  = 2 (Fe  Cl)  + 2 H Cl  -{-  N 

chloric  acid  is  taken  at  a density  of  1-165  before 
diluting  it,  and  then  charged  with  the  vapor  till  the 
gravity  is  1-176;  the  proportion  is  the  same  as  with 

Sesquichloride  Chloride  of  Protochloride  of  Hydrochloric  Amidogen. 
of  iron.  ammonium.  iron.  acid. 

sulphuric  acid.  In  the  preceding  case  of  the  man- 
ganese salt  being  used,  the  ammoniacal  compounds 

or — 

are  purified  by  filtering  off  the  solution  from  the  pre- 

1 3 (Fe^  CI3)  + N H4  Cl  = 6 (Fe  Cl)  + 4 (H  Cl)  -f  N 

cipitated  oxide,  evaporating  the  filtrate,  and  subhm- 

1 Sesquicliloride  Chloride  of  Chloride  of  Hydrochloric  Nitrogen. 

ing  the  residue.  Sulphate  of  manganese,  or  proto- 

of  iron.  ammonium.  iron.  add. 

chloride  of  iron,  may  be  substituted  for  the  chloride  of 

1 In  either  case,  the  sesquichloride  of  iron  is  converted 

manganesium.  That  portion  of  metallic  oxide  which 

into  the  protochloride. 

remains,  is  again  converted  into  a fit  state  to  absorb 

Eepeated  crystallizations  might  remove  the  iron  com- 

fresh  quantities  of  the  alkaline  vapor,  by  the  follow- 

poimd,  but  this  would  cause  a loss  of  time,  fuel,  and 

ing  simple  method : — To  every  three  parts  of  this 

material.  By  following  Brewer’s  method,  the  small- 

residue,  four  of  common  salt  are  added,  and  the  mix* 

est  trace  of  this  salt  is  separated  without  involving  any 

ture  heated  in  a furnace  to  low  redness,  which  is 

additional  expense.  His  process  consists  in  passing  a 

scarcely  perceptible  in  the  dark,  for  about  two  hours  or 

few  bubbles  of  chlorine  gas  through  a concentrated  hot 

longer.  Forty  gallons  of  water  are  then  added  to 

solution  of  the  salt  in  the  crude  state,  which  converts 

every  hundred  and  forty  pounds  of  this  mixture,  and 

the  protochloride  of  iron  into  a sesquichloride;  this  in 

the  hquid  thus  produced  absorbs  ammonia  very  rapidly. 

turn  is  decomposed  by  free  ammonia,  with  the  precipi- 

The  precipitate  which  falls,  consequent  on  the  reten- 

tation  of  hydrated  sesquioxide  of  iron,  and  the  forma- 

tion  of  the  ammonia,  only  requires  to  be  dissolved  in 

tion  of  chloride  of  ammonium.  The  liquor  is  kept  hot 

the  acid,  which  is  intended  to  form  a combination  with 

for  some  time,  till  the  whole  of  the  flocculent  bromiish 

the  alkali,  to  render  it  suitable  to  serve  the  intended  } 

matter  settles  to  the  bottom,  after  which  it  is  rapidly 

purpose  a second  and  a third  time.  | 

filtered  and  set  aside  to  crystallize.  By  this  means  a 

Messrs.  Phillips,  Watson,  Jonson,  and  others, 

perfectly  pure  salt,  free  from  the  least  trace  of  iron,  is 

have  secured  patents  at  various  times  for  the  produc-  | 

obtained.  Great  care  should  be  taken  to  keep  the  solu- 

tion  of  ammonia  and  ammoniacal  salts,  but  these 

tion  hot  during  the  time  the  chlorine  is  being  transmit- 

scarcely  differ  from  the  old  method  of  decomposing  the 

ted  through  it,  and  also  not  to  prolong  the  action,  in 

substances  with  an  alkali,  and  distillmg  off  the  volatile  1 
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compound.  Hill  proposes  to  convert  the  ammonia 
eliminated  in  the  distillation  of  coals  into  chloride,  by 
mixing  chloride  of  manganesium  with  the  coals  in 
the  retorts,  or  introducing  the  chloride  into  a retort 
appropriated  for  the  purpose ; the  heat  dispels  the 
hydrochloric  acid,  and  this,  uniting  with  the  alkaline 
vapor,  forms  chloride  of  ammonium,  which  is  retained 
in  the  liquor  in  the  condenser.  After  removing  the 
tar  in  the  usual  way,  the  salt  is  obtained  by  evapora- 
tion and  sublimation,  as  before  described. 

Spence  recommends  a series  of  cylindrical-covered 
boilers,  or  reservoirs,  placed  at  such  different  eleva- 
tions that  the  contents  of  the  uppermost  may  he  drawn 
off  into  the  next,  and  so  on  in  succession  to  the  lowest, 
as  an  economical  arrangement  in  preparing  chloride  of 
ammonium,  or  sulphate  of  ammonia,  from  gas  liquor,  et 
cetera.  Each  boiler  has  an  exit  pipe,  which  carries 
the  vapor  generated  in  it  to  that  which  is  next  above 
it,  and  the  exit  pipe  of  the  highest  boiler  passes  off  to 
a tank,  where  the  acid  requisite  to  form  the  salt  is 
supplied.  A charging  pipe  connects  the  top  boiler 
with  the  reservoir  of  gas  liquor,  which  is  already  mixed 
with  milk  of  hme,  and  by  turning  a stopcock  attached 
to  it  the  boiler  may  be  replenished.  Four  boilers  are 
deemed  sufScient,  but  a larger  number  may  be  used. 
A pipe,  conveying  high-pressure  steam,  enters  the  lower 
boiler,  by  which  the  hquid  is  made  to  evolve  its  am- 
monia into  the  next  boiler;  and  in  the  same  manner  the 
contents  of  this  and  the  upper  boilers  are  brought  to 
the  temperature  of  ebullition,  the  ammonia  passing 
through  each  by  the  connecting  pipes,  till  it  is  expelled 
from  the  highest,  in  a very  concentrated  state,  to  the  acid 
tank.  When  moderately  concentrated  acid  is  used  after 
the  absorption  of  the  ammonia  in  the  series  of  boilers, 
the  lie  is  so  strong  that  it  may  be  drawn  off  at  once  to 
crystallize.  As  the  liquor  in  the  lowest  boiler  becomes 
exhausted  of  its  ammonia,  the  fire  is  slackened  and  the 
contents  run  off,  and  that  of  the  next  boiler  admitted 
instead;  the  latter  is  supplied  from  the  one  above  it, 
and  so  on  to  the  highest,  which  is  fiUed  from  the  re- 
servoir. When  the  boilers  are  replenished,  the  fire  is 
stirred  up,  and  the  distillation  proceeded  with  as  before. 
The  solution  of  chloride  of  ammonium,  or  sulphate  of 
ammonia,  is  treated  in  the  usual  way  for  obtaining  the 
dry  salt. 

Salts  of  ammonia  are  prepared  from  guano  in  the 
manner  specified  by  Turner,  under  the  patent  which  he 
obtained  in  1844  for  this  purpose.  The  guano  is  sub- 
jected to  destnictive  distillation  in  close  iron  cylinders, 
at  a low  red  heat  during  the  greater  part  of  the  opera- 
tion; this  temperature  is  increased  towards  the  end. 
The  eliminated  gases  are  made  to  pass  through  three 
Woulfe’s  hotdes,  or  vessels  arranged  on  that  prin- 
ciple, in  order  that  the  whole  of  the  condensable  pro- 
ducts may  he  retained.  Carbonate  of  ammonia,  hydro- 
cyanic acid,  and  carbide  of  hydi’ogen,  are  copiously 
disengaged;  the  first  two,  being  rapidly  absorbed,  give 
a strong  solution  of  cyanide  of  ammonium  and  of  car- 
bonate of  ammonia,  while  the  carbide  of  hydrogen 
passes  into  the  atmosphere. 

As  soon  as  the  charge  of  the  retorts  has  been  ex- 
hausted, the  solution  in  the  condensing  apparatus  is 
drawn  off,  and  mixed  with  as  much  protochloride  of 


iron  as  is  necessary  to  precipitate  the  whole  of  the 
hydrocyanic  acid  in  the  form  of  prussian  blue.  In 
consequence  of  the  free  ammonia  present,  the  blue 
precipitate  does  not  appear  on  adding  the  iron  salt,  hut 
on  neutralizing  this  ammonia  with  hydrochloric  acid,  it 
then  falls  down  of  a fine  blue  color ; this  is  filtered  off 
and  well  washed,  after  which  it  is  converted  into  fer- 
rocyanide  of  potassium — yellow  prussiate — by  boiling 
with  potassa,  evaporating  the  solution,  and  crystallizing 
in  the  usual  way.  If  an  excess  of  iron  is  present  in  the 
Hquid  filtered  from  the  iron  precipitate,  it  is  separated 
by  adding  carefully  a fresh  quantity  of  the  ammoniacal 
solution,  which  precipitates  it,  and  it  is  then  removed, 
and  the  neutral  solution  of  chloride  of  ammonium  eva- 
porated. Sulphate  of  ammonia  is  procured  in  a similar 
manner,  by  employing  srdphuric  instead  of  hydrochloric 
acid,  and  sulphate  of  iron  instead  of  the  chloride. 

By  the  action  of  sulphuric  or  hydrochloric  acid  upon 
stale  urine,  corresponding  salts  of  the  alkali  are  obtained 
by  simply  evaporating  the  solution,  and  crystallizing. 

Peat  is  a substance  which  is  rich  in  ammonia,  and 
therefore  the  fabrication  of  ammoniacal  salts  from  this 
source  is  one  of  the  principal  features  in  the  works  of 
the  British  and  Irish  Peat  Company. 

Keece  directs,  in  the  patent  which  he  secured  in 
1849,  that  the  peat  should  be  carbonized  in  a blast 
furnace,  and  the  combustible  gases  and  volatile  sub- 
stances, given  off  during  the  ignition,  conducted  to  a 
suitable  condensing  apparatus  appended,  wherein  the 
tar,  ammoniacal  carbonate,  naphtha,  and  other  con- 
densable compounds  are  retained.  The  tar  is  subse- 
quently separated  and  employed  for  the  production  of 
paraffine  and  oil ; the  ammoniacal  liquid  is  neutralized 
with  an  acid,  then  distilled,  to  procure  the  naphtha,  and 
the  residual  product  evaporated  in  the  usual  way. 

According  to  the  scientific  statements  which  have  been 
drawn  up  at  various  times  by  Sir  Egbert  Kane  and 
others,  peat  yields  from  twenty-two  to  twenty-five 
pounds  of  ammoniacal  salts  per  ton,  so  it  appears  the 
dividends  accruing  to  the  company  are  pretty  satisfac- 
tory. 

For  the  preparation  of  the  chloride  or  sulphate,  Lam- 
ing’s  patent,  obtained  in  1850,  claims  the  application  of 
certain  salts  and  compounds  which  are  to  be  used  in  the 
purifiers  of  the  gas-works,  and  through  which  the  gases 
given  off  from  the  retorts  are  transmitted,  so  as  to  retain 
the  ammoniacal  vapor ; these  substances  are  chloride 
of  iron,  decomposed  by  hydrate  of  lime  into  oxide,  with 
the  formation  of  chloride  of  calcium;  also  the  use  of 
sulphate  of  iron,  which  he  converts,  by  means  of  chlo- 
ride of  sodium,  into  chloride  of  iron  and  sulphate  of 
soda;  and  the  chloride  thus  prepared  is  then  decom- 
posed, as  in  the  preceding  instance,  into  oxide  of  iron 
and  chloride  of  calcium.  Further,  the  patentee  claims 
the  use  of  a mixture  of  sulphate  of  lime  and  siilphate  of 
iron,  or  of  the  precipitated  hydrated  oxide  of  iron  with 
carbonate  of  lime,  magnesia,  carbonate  of  magnesia,  or 
magnesian  limestone;  of  chloride  of  magnesium,  o) 
sulphate  of  magnesia  and  water;  of  phosphate  of  Hme 
dissolved  in  hydrochloric  acid ; and  of  a mixture  con  • 
taining  sulphate  of  magnesia,  or  chloride  of  magnesium 
or  calcium,  or  one  or  more  of  these,  in  combination 
with  oxide  of  copper,  and  mixed  or  not  with  lime  or 
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magnesia,  or  both  or  either,  or  both  of  the  carbonates 
of  those  earths.  In  all  of  these  cases,  the  salts  or 
mixtures  employed  are  mingled  with  sawdust,  or  some 
porous  substance,  before  being  placed  in  the  purifying 
vessel.  After  they  become  satmated  with  the  vapor 
of  ammonia,  the  chloride  or  sulphate  formed  is  re- 
moved by  simply  washing  the  mass  with  water.  In 
his  patent  for  1852,  he  claims  the  use  of  sxdphurous 
acid  as  a means  of  preparing  sulphate  of  ammonia,  and 
proceeds  as  follows: — The  ammonia  is  liberated  in  the 
free  state  or  as  carbonate,  by  any  simple  means,  and 
received  in  water;  and  by  a stream  of  sulphurous  acid 
gas,  which  he  transmits  through  this  ammoniacal  liquid, 
forms  sulphite  of  ammonia ; finally,  he  oxidizes  this  salt 
into  sulphate  by  agitation  and  exposure  to  the  air. 

Another  patent  was  granted  to  Michiel  in  1850,  for 
his  improved  method  of  preparing  sulphate  of  ammo- 
nia by  means  of  sulphate  of  lead,  containing  an  excess 
of  oxide. 

On  submitting  such  compounds  to  the  ammoniacal 
solutions,  decomposition  of  the  lead  salt  takes  place, 
being  converted  partly  into  sulphide,  and  partly  into 
a carbonate,  which  will  be  found  suitable  for  many 
manufacturing  purposes,  while  a sulphate  of  ammonia 
results.  He  prepares  the  oxysulphate  in  the  fol- 
lowing manner: — Native  sulphide  of  lead  is  ground 
into  small  fragments ; the  reduced  mass  is  then  spread 
upon  the  higher  of  two  shelves,  constructed  in  a rever- 
beratory furnace,  where  it  is  heated  for  about  two 
hours.  It  is  then  drawn  off  to  the  under  bed  or  shelf, 
where  it  is  more  strongly  heated,  and  kept  occa-^ 
sionally  stirred  to  prevent  fusion  or  caking  of  the  mass, 
and  also  to  have  every  part  equally  heated.  The 
second  heating  effects  the  transformation  of  a portion 
of  the  sulphide  into  sidphate,  while  another  part  is 
oxidized  and  sulphur  eliminated.  The  layer  of  galena 
is  about  two  to  two  and  a half  inches  in  depth. 

In  December  of  the  year  1850,  Mr.  Wilson  secured 
another  patent  for  preparing  sulphate  of  ammonia  from 
the  waste  products  of  coke  ovens,  et  cetera.  His 
method  consists  in  transmitting  the  vapors  through  a 
circular  tower,  filled  with  coke  pebbles,  or  other  dis- 
integrated bodies.  A cistern  at  the  base  of  the  tower 
is  filled  with  sulphuric  acid,  so  diluted  that,  when  com- 
pletely saturated  with  ammoniacal  vapor,  the  heat  of 
the  apparatus  will  not  concentrate  it  so  much  as  to 
deposit  ciystals  of  the  salt.  Another  cistern,  similar 
to  the  preceding,  is  placed  on  the  top  of  the  tower,  the 
bottom  of  which  is  perforated.  All  the  vapors  from 
the  ovens  are  forced  through  the  lower  cistern  and  up 
the  tower,  and,  by  an  arrangement  which  continually 
raises  the  dilute  acid  liquor  of  the  lower  tank  to  the 
upper,  so  that  it  falls  again  through  the  perforations, 
any  of  the  alkali  that  may  escape  combination  from 
the  cistern  is  taken  up  by  the  triclding  solution  in  the 
body  of  the  cylinder. 

By  filtration,  evaporation,  and  crystallization,  the 
sulphate  of  ammonia  is  obtained  from  the  solution  after 
the  acid  employed  has  been  neutralized. 

Dr.  Richardson  prepares  the  sulphate  of  ammonia 
by  forming  a double  sulphate  of  magnesia  and  am- 
monia, and  afterwards  submitting  this  product  to  sub- 
limation. 

SESQUICARBONATE  OF  AMMONIA.  — This 
compound  of  ammonia  is  prepared,  on  the  large  scale, 
by  heating  chloride  of  ammonium,  or  sulphate  of  am 
monia,  and  chalk,  in  close  vessels ; double  decomposi- 
tion of  the  two  compoimds  follows,  which  causes  the 
formation  of  sesquicarbonate  of  ammonia,  and  a salt  of 
lime  analogous  to  the  ammoniacal  one  taken.  Three 
equivalents  of  the  ammoniacal  salt  react  upon  three 
equivalents  of  chalk  or  carbonate  of  lime,  and  the  result 
is  one  equivalent  of  sesquicarbonate  of  ammonia,  one 
of  free  ammonia,  and  three  equivalents  of  a lime  salt, 
thus : — 

3 (N  H4  Cl)  -f  3 (Ca  0,  C O2)  = (2  N H4  0,  3 C Oj)  + N H4  0 

Chloride  of  Carbonate  of  Sesquicarbonate  of  Ammonia 

ammonium.  lime.  ammonia. 

+ 3 Ca  Cl, 

Ciiloride  of  calcium. 

or — 

3 (NH4O,  SO3)  -f3(CaO,  C02)  = (2NH4  0,  3 C Oj)  -f 

A A A 

Sulphate  of  ammonia.  Carbonate  of  lime.  Sesquicarbonate  of  ammonia 

N H4  0 -f-  3 (Ca  0,  S Og) 

Ammonia.  Sulphate  of  lime. 

The  above  decomposition  may  appear  at  a glance  to 
be  at  variance  with  the  general  composition  of  bodies 
resulting  from  the  mutual  action  of  neutral  salts,  such 
as  those  taken  in  the  preceding  instance ; for,  conform- 
ably with  the  general  behavior  of  the  double  decomposi- 
tion of  neutral  compounds,  it  would  be  supposed  that 
the  change  in  the  preceding  would  be — 

3 NH4CI  -f  3 (CaO,  CO2)  -f-  3 HO  z=  3 (N H4 0,  C Oj,  H 0) 

' Chloride  of  ' Carbonate  of  lime.  ' Water.  ' 

ammomum.  ammomu. 

-f  3 Ca  Cl 

Ciiloride  of  calcium. 

producing  a carbonate  of  the  oxide  of  ammonium  and 
chloride  of  calcium,  both  of  which  are  neutral  bodies. 
According  to  the  experiments  of  Ros^,  it  appears  that 
the  neutral  carbonate  of  ammonia  does  not  exist,  per 
se;  hence,  even  should  it  be  produced  at  the  first  appli- 
cation, decomposition  would  immediately  take  place, 
and  cause  the  evolution  of  gaseous  ammonia  and  water, 
corresponding  to  N H^  0,  or  N Hg,  H 0. 

Leaden  chambers  are  used  as  condensers  to  retain  the 
volatilized  salt  from  the  heated  retorts ; they  generally 
have  the  top  or  bottom  partly  movable,  or  have  a door 
in  their  sides,  to  allow  of  the  removal  of  the  salt. 
The  crude  sesquicarbonate  obtained  in  the  first  subli- 
mation, is  purified  by  expelling  it  by  heat  from  iron 
pots,  surmounted  by  leaden  caps.  The  waste  heat  of 
the  flue  from  the  furnace  which  heats  the  retorts, 
serves  for  this  part  of  the  work.  In  the  second  opera- 
tion, water  is  added  to  render  the  salt  translucent. 

The  annexed  woodcut — Fig.  116 — represents  such 
an  arrangement  as  is  here  mentioned.  In  this  figure 
the  retorts  are  cylindrical,  and  laid  horizontally  in  the 
furnace,  similar  to  those  used  in  the  carbonization  of 
wood  for  the  production  of  wood  vinegar,  having  the 
exit  pipe  for  the  passage  of  the  sublimed  salt  at  the 
back ; or  they  may  be  hke  those  already  described  in 
the  distillation  of  bones. 

A is  the  exterior  of  the  furnace  containing  the  five 
retorts,  aaaaa,  laid  horizontally,  and  closed  at  the 
front  by  iron  doors  made  secure  by  bolts  and  screws. 
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Heat  is  communicated  by  the  fire,  &,  at  the  end  of  the 
furnace.  The  pipes,  c c,  cany  off  the  vapors  of  car- 
bonate of  ammonia  into  the  chamber,  B,  and  whatever 
remains  uncondensed  in  this  is  discharged  into  a second 
one,  c,  by  the  connecting  pipe,  d.  Both  chambers  are 
supported  upon  pOIars  or  scafiblding,  to  bring  them  on 
a fine  with  the  retorts ; d d,  are  the  purifying  pots,  made 
of  cast-iron,  and  surmounted  with  leaden  heads,  into 
which  the  carbonate  is  volatilized  from  any  fixed  im- 
purities by  the  heat  of  the  flue  from  the  fire,  h. 


One  part  of  sulphate  of  ammonia,  or  chloride  of 
ammonium,  mixed  rvith  one  and  a half  or  two  parts  of 
carbonate  of  lime,  is  introduced  into  the  retorts,  and  a 
moderate  heat  applied  at  first,  which  is  gradually  in- 
creased towards  the  end  of  the  operation.  The  vapors 
which  are  eliminated  through  the  pipes,  cc,  in  the 
figure,  are  condensed  in  the  chambers,  b and  c.  After 
the  charge  in  the  retorts  becomes  exhausted,  the  salt 
condensed  in  the  chambers  is  removed  to  the  purifying 
vessels,  D D,  where  it  is  sublimed  at  a low  degree  of 
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heat;  sometimes  150°Fahr  , communicated  by  a water- 
bath,  is  found  to  answer  the  pui’pose. 

Laming  recommends,  for  the  preparation  of  sesqui- 
carbonate  of  ammonia,  the  conveyance  of  the  constitu- 
ent gases  into  a series  of  leaden  chambers,  on  a large 
scale,  the  temperature  of  which  should  be  kept  as  low 
as  practicable,  in  order  to  induce  as  much  as  possible 
the  combination  of  those  gases.  It  is  unnecessary  to 
have  them  in  atomic  volumes;  in  fact,  it  is  desirable 
that  the  carbonic  acid  should  be  in  excess. 

A stratum  of  water,  or  of  a solution  of  ammonia,  is 
supplied  in  one  or  other  of  the  chambers,  and  in  this 
case  the  resulting  product  is  said  to  contain  more  car- 
bonic acid  than  when  the  gases  unite  as  they  issue  from 
tlie  vessels  where  they  are  generated. 

The  solution  is  evaporated,  and  the  salt  purified  by 
sublimation. 

The  same  chemist  prepares  carbonate  of  ammonia 
from  sulphide  of  ammonium  found  in  gas  liquor,  by  a 
novel  process.  Oxide  of  copper  and  charcoal  are  used 
in  the  proportion  of  twelve  parts  of  the  former  to  one 
of  the  latter ; and  this  mixture  is  introduced  into  any 
suitable  retort — -cast-iron — wherein  it  is  heated  to  red- 
ness; the  pipe,  joining  the  beak,  passes  through  cold 
water  previous  to  its  entrance  into  the  ammoniacal 
solution  of  the  sulphide  or  the  gas  liquor.  The  action 
of  the  heat  upon  the  oxide  of  copper  and  charcoal  gives 
rise  to  carbonic  acid,  which,  entering  into  the  solution, 
displaces  the  sulphur  in  combination  with  the  ammo- 
nium, and  causes  it  to  be,  dispersed  as  sulphide  of 
hydrogen,  while  the  carbonic  acid  takes  its  place,  and  a 
solution  of  carbonate  of  the  alkali  is  formed. 

When  the  carbonic  acid  ceases  to  be  eliminated,  the 
whole  of  the  oxide  is  reduced  to  finely-divided  metallic 


copper,  and  very  little,  if  any,  charcoal  remains.  The 
retort  is  cooled,  and  the  contents  drawn  out,  while 
another  retort,  similarly  employed,  maintains  the 
stream  of  carbonic  acid  through  the  solution.  Dining 
the  cooling  of  the  contents  of  the  first  retort,  the 
finely-divided  copper,  by  uniting  with  oxygen  from  the 
atmosphere,  is  reconverted  into  protoxide,  which  may 
be  used  over  again  with  a fresh  portion  of  charcoal ; and 
so  on,  tOl  the  elimination  of  sulphide  of  hydrogen  ceases, 
at  which  period  the  liquor  is  Imown  to  be  saturated 
with  the  carbonic  acid  gas. 

Crane  and  Julien  direct,  for  the  preparation  of 
carbonate  of  ammonia,  cyanide  of  ammonium,  or  the 
free  alkali,  from  any  of  the  oxides  of  nitrogen,  that  a 
carbide  of  hydrogen  gas  should  be  brought  into  contact 
with  such  oxides  in  the  presence  of  a body  which  may 
induce  combination  by  means  of  contact.  For  this 
purpose  they  give  preference  to  platinum-sponge;  or 
asbestos  coated  with  platinum  foil  answers  the  purpose. 
The  platinum  is  placed  in  the  calibre  of  a large  tube, 
heated  to  about  600°  Fahr.,  to  reduce  the  temperature 
of  the  gases,  and  at  the  same  time  prevent  the  deposition 
of  the  carbonate  of  ammonia  formed  on  the  tube,  and 
cause  it  to  be  forced  onwards  to  a condensing  medium. 
Any  gases  uncondensed  in  the  carbonate  of  ammonia 
chamber,  are  made  to  traverse  a solution  of  ammonia, 
or  of  iron,  for  the  purpose  of  retaining  the  hj'drocyanic 
acid  collaterally  formed. 

Sesquicarbonate  of  ammonia  is  a white  fibrous  sub- 
stance, found  sometimes  in  the  market  in  translucent 
cakes,  of  about  two  inches  in  thicloiess.  It  is  soluble 
in  four  parts  of  water  at  55°  Fahr.,  in  3'.3  parts  at  62°, 
in  2‘7  at  90°,  in  2’4  at  105°,  and  in  two  parts  at  120°. 

On  exposing  this  solution  to  the  air,  decomposition 
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takes  place,  ammonia  and  carbonic  acid  are  evolved, 
and  a bicarbonate  remains. 

2 (2NH4O,  3 CO2)  =2  (NH4O,  CO2)  + 2{NH4  0,  2 C Oj) 

' , ' V , ^ ' , ' 

Se^quicarbonate.  Neutral  salt  Bicarbonate. 

As  already  stated,  the  neutral  carbonate  does  not 
bear  exposure  to  the  air  without  decomposing  into 
ammonia  and  carbonic  acid ; hence  the  ammoniacal 
odor  emitted  from  the  sesquicarbonate  of  ammonia. 
Bicarbonate  of  ammonia,  remaining  after  the  exposure 
of  the  sesquicarbonate,  is  not  so  pungent  as  the  salt 
which  produces  it.  Medically,  it  is  known  as  mOd 
carbonate  of  ammonia.  It  yields  a precipitate  with 
bichloride  of  platmum  in  the  presence  of  hydrochloric 
acid ; with  copper  salts,  it  gives  the  characteristic  blue 
color  produced  by  ammonia;  with  the  salts  of  the  alka- 
line earths,  it  does  not  yield  an  immediate  precipitate ; 
on  boiling  the  mixture,  however,  the  insoluble  earthy 
carbonate  falls  down. 

The  composition  of  the  sesquicarbonate  of  ammonia, 
according  to  the  analysis  of  Phillips  and  Kos^,  is 
annexed : — 

Centesimally  represented. 

At  weight  Theory.  Phillips.  Rose. 

3 Eqs.  of  carbonic  acid,.. . 66  . . 55’93  . . 54'2  . . 50'55  . . 53'4 

2 Eqs.  of  ammonia, 34  . . 28'81  . . 29'3  . . 28‘66  . . 30’7 

2 Eqs.  of  water, 18  . . 15'26  . . 16-5  . . 20’79  . . 15'9 

118  100-00  100-0  100-00  100-0 

Ros£  states  that  the  composition  of  the  sesquicar- 
bonate varies  with  the  mode  of  preparing  it.  When 
obtained  by  the  sublimation  of  the  salt  from  chloride  of 
ammonium — or  any  other  compound  of  ammonia — and 
carbonate  of  lime,  the  product  is  a sesquisalt;  but  on 
subsequent  sublimation,  for  the  purpose  of  purifying, 
he  says  that  it  is  only  four-fifths  sesquicarbonate,  as  his 


analysis  indicates: — 

Centesimally  represented 

Atomic  weight 

Theory. 

Found. 

4 Eqs.  of  ammonia, 

. ..  68  .... 

31-78  .. 

..31 

5 Eqs.  of  carbonic  aciil,. 

....  110  .... 

51-40  .. 

..  51 

4 Eqs.  of  water, 

....  36  .... 

16-82  .. 

..18 

214 

100-00 

100 

ScANLAN  is  of  opinion  that  the  compound  regarded 
as  the  sesquicarbonate  of  ammonia,  is  only  a mixture 
of  anliydrous  carbonate  and  bicarbonate  of  ammonia; 
because,  on  washing  sesquicarbonate  with  cold  water, 
the  bicarbonate  of  ammonia  remains  under  the  same 
physical  form  as  the  salt  submitted  to  edulcoration, 
while  the  neutral  carbonate  is  abstracted;  further,  he 
employs  the  formula  (N  H4  0,  C Oj  + N H4  0,  2 C 0,^) 
to  represent  the  sesquicarbonate,  on  accormt  of  the 
preceding  behavior.  The  opinion  of  Pereira  is  op- 
posed to  these,  for  he  assumes  it  to  be  a true  chemi- 
cal compound,  both  from  its  miiformity  of  composition, 
when  prepared  in  the  same  way,  and  its  crystalline 
structure;  besides,  he  thinks  the  above  representation 
of  ScANLAN  to  be  less  probable,  because  the  anhy- 
drous neutral  carbonate  is  dissipated  upon  exposure 
of  the  salt  to  the  air,  and  the  bicarbonate  always 
contains  water.  The  Editor  considers  the  view  of 
Rose  the  correct  one.  Sesquicarbonate  of  ammonia 
possesses  a pungent  odor,  a hot  and  saline  taste,  and  a 


powerful  alkaline  reaction ; it  is  used  in  medicine  as  a 
stimulant  and  antacid,  and  is  a useful  soiuce  of  other 
ammoniacal  salts.  Bicarbonate  of  ammonia  crystal- 
lizes from  the  hot  concentrated  solutions  of  the  sesqui- 
carbonate, or  it  may  be  precipitated  by  alcohol;  by 
the  action  of  heat  upon  the  sesquicarbonate,  decompo- 
sition into  various  compounds,  with  more  or  less  car- 
bonic acid,  ensues;  the  sesquicarbonate  of  commerce  is 
a mixture  of  several  of  these. 

The  impurities  of  the  sesquicarbonate  are  organic 
matter  and  small  portions  of  the  salt  submitted  to  de- 
composition with  chalk,  which  pass  over  to  the  cham- 
bers unchanged ; sometimes  it  may  contain  hyposul- 
phite of  ammonia,  arising  from  the  decomposition  of 
the  sulphate  of  ammonia,  when  this  salt  has  been 
used,  and  also  traces  of  lead,  derived  from  the  leaden 
chambers. 

Organic  matter  is  detected  simply  by  dissolving  the 
commercial  article  in  water,  when  a solution  of  a 
brownish  or  even  blackish  color  is  produced,  while 
the  pure  salt  affords  a colorless  liquid.  Sulphates  01 
chlorides  are  detected  by  dissolving  the  substance  in 
water,  adding  a few  drops  of  nitric  acid,  and  dividing 
the  solution  into  two  portions ; to  one  part  chloride  of 
barium  is  to  be  added,  and  to  the  other  a few  drops  of 
nitrate  of  silver  solution ; a white  precipitate  in  these 
menstrua  shows  the  presence  of  sulphuric  acid  in  the 
former,  and  of  hydrochloric  acid  in  the  latter. 

Hyposulphites  are  detected  by  dissolving  a portion 
of  the  salt  in  acetic  acid,  and  adding  nitrate  of  silver ; 
a precipitate  is  obtained,  which  is  white  at  first,  but 
soon  turns  black,  in  consequence  of  the  oxide  of  silver 
being  reduced  by  the  deoxidizing  effects  of  the  hypo- 
sulphurous  acid.  Lead  is  detected  by  transmitting  a 
stream  of  sulphide  of  hydrogen  gas  through  a solution 
of  the  salt,  which  occasions  a black  precipitate,  or 
coloration,  if  lead  be  present. 

Acetate  of  Ammonia  has  been  already  described 
under  Acetic  Acid,  see  page  38. 

In  agriculture  the  salts  of  ammonia  are  most  valu- 
able, increasing  in  a remarkable  manner  the  fertility  of 
the  land,  provided  the  other  constituents  peculiar  to 
the  crop  be  present ; hence  they  are  to  be  found  in  all 
good  manures,  the  value  of  which  they  greatly  en- 
hance. Ammonia  constitutes  one-fifth  of  the  weight 
of  genuine  Peruvian  guano ; stable  manure  also  yields 
it  in  large  quantities,  and  it  is  one  of  the  valuable 
ingredients  of  bone  manure.  Salts  of  ammonia  are 
extensively  used  in  calico-printing,  in  the  preparation 
of  leather,  and  in  pewtering;  in  the  latter,  as  well  as  in 
tinnuig  sheet-iron  and  iron  vessels,  the  chloride  is  pre- 
feiTed ; and  from  its  volatility,  by  which  it  excludes  the 
air,  and  thus  prevents  the  oxidation  of  the  tin,  it  is  pro- 
ductive of  the  greatest  benefit  in  this  art. 

Estimation  of  Ammonia. — To  the  manufacturer 
who  employs  ammoniacal  salts,  it  is  very  necessary 
that  he  should  be  able  to  ascertain  their  purity,  so 
as  to  know  their  real  value,  and  what  amount  of  work 
he  can  perform  with  their  aid;  but  it  concerns  the 
agricidturist  particularly,  to  ascertain  the  quantity  of 
ammonia  which  may  be  contained  in  the  different  kinds 
of  manure  he  lays  upon  his  land,  with  the  hope  of  reap- 
ing thereby  a rich  harvest.  It  is  stfil  more  especially 
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the  province  of  the  amateur  and  professional  chemist 
to  know  how  to  determine  the  per  centage  of  this 
alkali,  whether  in  sods,  manures,  or  other  compounds 
capable  of  affording  it.  To  meet  these  requirements 
for  the  reader  who  may  not  be  already  conversant  with 
such  processes,  the  Editor  subjoins  the  following  in- 
structions for  his  guidance. 

Ammonia  is  determined,  for  the  most  part,  either 
as  chloride  of  ammonium,  or  as  the  double  chloride  of 
ammonium  and  platinum.  The  ammonia,  in  complex 
organic  bodies,  is  sometimes  ascertained  indirectly  from 
the  volume  of  nitrogen  which  they  afford,  when  such 
substances  are  treated  as  will  be  further  described. 

As  Chloride. — In  pure  solutions  of  ammonia,  car- 
bonate of  ammonia,  or  any  other  of  its  combinations 
with  a feeble  volatile  acid,  the  alkali  is  invariably 
determined  by  saturating  with  hydrochloric  acid,  and 
evaporating  the  solution  to  dryness  in  a water-bath, 
till  the  whole  of  the  free  acid  and  moisture  are  re- 
moved; the  dry  residue,  accurately  weighed,  gives 
the  amoimt  in  the  form  of  chloride  of  ammonium. 
Should  the  solution  contain  only  chloride  of  ammo- 
nium, evaporation  of  the  water  and  weighing  of  the 
dry  residue  wiU  give  at  once  the  amovmt  of  that  salt, 
from  which  the  ammonia  contained  therein  is  cal- 
culated. If  the  substance  be  sohd  or  liquid,  in  either 
case  a certain  portion  is  weighed,  say  thirty  grains  of 
the  sohd,  and  one  thousand  grains  of  the  hquid ; the 
former  in  a crucible  or  covered  watch-glass,  and  the 
latter  in  a perfectly  clean  and  dry  beaker-glass,  which 
should  be  rather  small,  and  tared  accurately  before 
introducing  the  liquid.  After  the  solid  has  been  dis- 
solved in  water,  the  succeeding  treatment  is  the  same 
as  with  the  solution;  hydrochloric  acid  is  added  in 
very  slight  excess,  and  then  it  is  to  be  evaporated  care- 
fully, so  as  not  to  cause  spirting,  neither  should  the 
vessel  be  exposed  to  dust  or  other  accidental  impuri- 
ties. The  evaporation  is  best  conducted  in  a platinum 
dish,  and  when  no  further  loss  is  sustained  by  heating 
in  the  water-bath,  the  dish  and  dry  residue  are  weighed; 
the  difference  between  this  weight  and  that  of  the  dish 
is  the  weight  of  the  chloride  of  ammonium.  If  a pla- 
tinum vessel  be  not  at  hand,  the  evaporation  may  be 
continued  to  dryness  in  the  beaker-glass  wherein  the 
solution  was  originally  taken,  provided  it  be  small,  and 
the  beaker  and  its  contents  weighed,  as  in  the  foregoing 
instance;  but  if  this  should  not  happen,  when  the 
greater  part  of  the  water  has  been  driven  off,  the  con- 
centrated liquor  is  to  be  carefully  transferred  to  a pla- 
tinum crucible,  or  small  thin  porcelain  dish,  and  also 
the  washings  are  to  be  gradually  added,  the  solution 
evaporated  to  dryness,  and  the  perfectly  dry  mass 
weighed.  When  the  weight  of  the  vessel  is  deducted 
from  the  combined  weight,  the  difference  is,  as  be- 
fore, the  chloride  of  ammonium.  Very  accurate  re- 
sidts  are  in  this  way  arrived  at,  if  ordinary  care  has 
been  exercised,  as  the  trace  of  chloride  which  escapes 
during  the  evaporation  is  almost  imperceptible.  With 
a similar  degree  of  accuracy,  the  ammonia  may  be 
determined  by  substituting  sulphuric  acid  for  the  hy- 
drochloric, and  proceeding  as  above;  the  ammonia  is 
calculated  from  the  weight  of  the  sulphate.  In  63  5 
parts  of  chloride  of  ammonium,  there  are  seventeen  of 


gaseous  ammonia,  or  twenty -six  of  the  oxide  of  ammo- 
nium, so  that  by  simple  proportion  the  per  centage 
of  ammonia  is  found,  thus: — If  the  above  weight 
yielded  twenty-five  grains  of  the  chloride,  the  calcula- 
tion will  be, — as  30:25  ::  100:  83‘33;  and  as  53*5  of  , 
the  chloride  contains  17  of  gaseous  ammonia,  equal 
to  26  of  the  oxide,  the  next  statement  will  be, — as 
r 17  1 f 26’47  per  cent,  of  the  gaseous 

53‘5:-<  or  v::83‘33:  •<  body,  or 

(^26)  {40'42  “ “ of  the  oxide. 

In  66  parts  of  dry  sulphate  of  ammonia  there  are  like- 
wise contained  17  of  dry  gaseous  ammonia,  or  26  of 
the  alkali ; the  amount  of  ammonia  in  the  sample,  when 
sulphuric  acid  is  used,  is  determined  similarly  to  the 
example  given. 

As  a double  salt  of  Ammonium  and  Platinum. — 

In  this  form,  aU  those  salts  of  ammonia  which  are 
soluble  in  alcohol  may  be  determined  by  convert- 
ing them  into  a chloride  by  the  addition  of  an  ex- 
cess of  hydrochloric  acid,  and  evaporating  to  dry- 
ness; then,  on  dissolving  the  dry  mass  in  a small 
quantity  of  water,  and  precipitating  by  a solution  of 
bichloride  of  platinum  in  excess,  a yellow  crystalline 
deposit  forms,  which  is  the  compound  salt.  The 
menstruum  is  carefully  evaporated  to  dryness  at  212° 
Fahr.,  the  dry  mass  treated  with  a little  alcohol,  and 
then  thrown  upon  a filter,  where  it  is  washed  with 
alcohol  till  the  filtrate  ceases  to  have  a yellow  color, 
which  the  first  washings  possess,  owing  to  an  excess  of 
bichloride  of  platinum.  Should  the  filtrate  not  be 
colored,  it  shows  that  enough  of  the  precipitant  has  not 
been  used,  and  in  such  a case  the  operation  is  not  satis- 
factory, and  should  be  recommenced,  taking  care  to 
have  the  bichloride  in  excess,  which  is  known  by  care- 
fully observing  if  the  supernatant  liquid,  after  the 
greater  part  of  the  crystals  has  fallen  to  the  bottom, 
is  of  a yellow  color ; the  salt  is  to  be  thrown  upon  a 
filter,  and  washed  with  alcohol  as  above  directed.  The 
filter  should  be  carefully  deprived  of  dust,  dried  at 
212°,  till  the  weight  remains  constant,  before  intro- 
ducing the  yellow  crystalline  compound ; and  after  the 
substance  has  been  thoroughly  dried  and  weighed,  the 
difference  between  the  latter  weighing  of  the  paper  and 
salt,  and  that  of  the  paper  alone,  is  the  ammonia- 
platinum  salt.  Its  constitution  is  the  following : — 


Atomic 

Centesimally 

weight. 

represented. 

1 Eq.  of  ammonium, 

18  . . 

. . . . 8-06 

1 Eq.  of  platinum, 

98-6  . . 

. ...  43-03 

3 Eq.  of  chlorine, 

106-5  .. 

. ...  48-91 

223-1 

100-00 

Formula : N H4  Cl,  Pt  CI2. 

Hence  every  two  hundred  and  twenty-three  parts  of 
the  precipitate  contain  seventeen  of  dry  ammonia,  or 
twenty-six  of  the  oxide  of  the  metal  ammonium;  or, 
centesimally,  about  7 '62  of  the  gaseous  body,  or  11 ‘65 
of  the  oxide,  so  that,  by  the  assistance  of  these  data,  it 
is  easy  to  arrive  at  the  proper  quantity  contained  in  the 
sample  under  examination. 

As  a check  upon  the  determination,  the  platinum 
compound  may  be  introduced  into  a counterpoised 
porcelain  crucible,  and  heated  gently  to  redness,  by 
which  all  the  other  components  of  the  precipitate,  ex- 
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cept  the  platinum,  are  expelled ; tills  metal  remains  in 

chloric  acid  to  the  level  represented;  the  apparatus 

the  form  of  a black  spongy  powder,  which  is  to  be 

rests  upon  a convenient  support,  d.  By  placing  the 

weighed,  and  from  its  quantity,  the  ammonia  contained 

long  hmb  of  the  bulbed  tube  in  a small  glass  filled  with 

in  the  sample  is  calculated  by  the  foUowing  propor- 

r 17) 

the  acid,  and  applying  suction  to  the  other  end,  it 
is  readily  filled  to  the  proper  height.  Great  care  must 

tion: — As  98’6  : •<  or  v : : x — the  weight  of  the  pla- 

(26  i 

be  taken  that  too  much  acid  is  not  admitted,  as  then 
there  would  be  a risk  of  spoiling  the  analysis  by  the 

tinum  found — : y — the  corresponding  ammonia ; and 

liquid  flowing  back  into  the  combustion  tube. 

then,  as  the  weight  of  the  compound  taken  : y 100 : 

Before  proceeding  to  the  determination,  the  substance 

— , the  per  centage  of  the  alkali.  During  the  ignition 

should  be  thoroughly  dried,  either  in  the  water-bath, 
or  over  sulphuric  acid  in  the  exhausted  receiver  of  an 

of  the  ammonio-chloride  of  platinum,  the  heat  must 

air-pump;  ten  to  twenty  grains  are  then  taken,  and 

be  applied  very  gently  at  first,  and  the  crucible  kept 

mixed  intimately  with  the  soda  lime  in  an  agate  or 

covered,  lest  the  too  rapid  evolution  of  chloride  of 

glass  mortar,  which  should  be  placed  upon  a large  sheet 

ammonium  should  carry  off  some  of  the  platinum. 

of  glazed  paper,  to  prevent  the  loss  of  any  particles  that 

and  give  rise  to  an  error.  Towards  the  end  of  the 

may  be  accidentally  dropped  during  the  grinding  and 

operation  the  heat  may  be  increased,  and  when  no 

filling  of  the  tube.  As  much  of  the  soda  hme  is  put 

more  vapors  are  observed,  the  crucible  is  allowed  to 

into  the  tube  as  is  sufficient  to  fill  about  three-quarters 

cool,  and  then  weighed. 

of  an  inch,  and  then  the  mixture  of  the  substance  under 

When  the  ammoniacal  compounds  are  insoluble  in 

examination  and  tlie  lime  compound  is  introduced  as 

alcohol,  they  are  analyzed  by  a more  difficult  way  than 

speedily  as  possible.  The  mortar  is  rinsed  with  sue- 

either  of  the  methods  already  described.  The  salt  is 

cessive  small  quantities  of  the  powdered  soda  lime. 

ground  with  soda  lime — a compound  prepared  by  slak- 

and  these  are  added  to  fill  up  the  empty  part  of  the 

ing  pure  caustic  lime  vdth  a solution  of  hydrate  of 

tube  to  within  two  inches  of  its  mouth.  A loose  plug 

soda,  of  such  strength  that  one  part  of  the  caustic  alkali 

of  asbestos  is  now  inserted,  and  the  cork  with  small 

will  be  equal  to  two  of  the  lime,  after  which  it  is 

tube  tightly  fitted  to  it;  a space  through  which  the 

heated  in  a Hessian  crucible  to  dull  redness,  and  then 

products  of  the  combustion  may  traverse  the  tube  is 

pulverized  and  retained  for  use  in  stoppered  bottles — 

made  by  holding  the  latter  in  the  hand,  and  giving  it  a 

and  the  mixture  heated  in  a combustion  tube,  in  the 

few  gentle  taps  horizontally  against  the  table ; the  con- 

same  way  as  an  organic  analysis  is  conducted.  A 

tents  aggregate  more  closely,  and  an  empty  space  is 

nitrogen  apparatus — that  recommended  by  Will  and 

formed  in  the  upper  part.  The  tube  is  now  placed  in 

Vaeeenteapp — ^is  connected  to  the  end  of  the  tube  by 

the  furnace  with  the  pointed  end  upwards,  as  seen  in 

the  aid  of  a perforated  cork,  which  fits  the  latter  per- 

the  figure,  and  the  nitrogen  apparatus  attached  by 

fectly  tight ; the  bulbs  of  the  apparatus  are  filled  with 

means  of  the  connecter.  Care  must  be  exercised  that 

hydrochloric  acid  of  1'20  specific  gravity,  for  the  pur- 

all  the  joinings  are  air-tight;  this  the  operator  may 

pose  of  retaining  the  ammonia  which  is  disengaged 

ascertain  by  holding  a glowing  piece  of  charcoal  to  the 

from  the  heated  material  in  the  tube.  Fig.  117  shows 

inner  bulb,  till  a few  bubbles  of  expanded  air  escape  to 

the  arrangement  as  here  indicated. 

the  middle  one;  if,  on  removing  the  coal,  the  liquid 
assumes  the  original  level  the  connections  are  air-tight. 

Fig.  117.  / 

Red-hot  pieces  of  charcoal  are  now  applied  to  the  pos- 

A if 

terior  part  of  the  tube  for  a short  time,  to  expel  the  air 
contained  in  the  apparatus;  and  after  that,  the  pieces 
are  placed  at  the  front  end,  and  gradually  retire  as  the 
matter  becomes  decomposed,  till  the  whole  of  the  tube 

is  at  a low  red  heat.  Particular  pains  should  be  taken 
to  eliminate  the  ammonia  gradually  and  steadily,  and, 
above  aU,  not  to  allow  the  heat  to  remain  stationary  at 
any  part  of  the  tube,  till  all  the  ammonia  contained 

in  that  part  is  expelled ; for  on  removing  the  coals  a 
vacuum  is  formed,  which  causes  the  reflux  of  the  hydro- 

A is  the  combustion  furnace,  made  of  sheet-iron,  and 

chloric  acid  from  the  nitrogen  apparatus  into  the  tube. 

resting  upon  a tripod,  or  it  may  be  supported  upon 
a table  or  cast-iron  plate;  B,  the  combustion  tube, 
about  sixteen  inches  in  length,  and  made  of  hard  Ger- 

Hence  the  coals  should  be  applied  to  a fresh  part,  be- 
fore the  matter  already  decomposing  is  completely  ex- 
hausted. 

man  glass,  which  bears  the  high  temperature  without 

When  no  more  ammonia  is  given  off,  the  pointed 

fusing.  The  diameter  of  the  tube  should  be  about 

end  of  the  tube  is  broken  by  a forceps,  and  suction  ap- 

three-eighths  of  an  inch,  and  one  end  should  be  drawn 

plied  to  the  long  arm  of  the  nitrogen  apparatus,  in  order 

out  to  a point,  sealed  at  the  extremity,  as  seen  in  the 

to  draw  over  the  last  traces  of  ammonia  that  might  re- 

engraving.  The  mouth  of  the  tube  is  closed  by  a 

main  in  the  apparatus ; after  which  it  is  detached,  and 

perforated  cork,  into  which  a small  tube  is  introduced. 

the  chloride  of  ammonium  solution  transferred  to  a 

and  which  is  connected  to  the  nitrogen  apparatus,  c,  by 

beaker  glass,  or  platinum  dish,  together  with  the  water 

means  of  a caoutchouc  connecter,  a.  The  nitrogen 

used  to  rinse  the  bulbs,  and  the  whole  evaporated  to 

apparatus  has  four  bulbs,  which  are  filled  with  hydro- 

dryness. 
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The  residue  thus  obtained  is  dissolved  in  as  small  a 
quantity  as  possible  of  distilled  water,  filtered  from  any 
residue  which  may  happen  to  exist  in  it,  and  the  filtrate 
and  washings  precipitated  by  bichloride  of  platinum ; 
the  solution  is  then  evaporated,  and  treated  with  alco- 
hol. The  remainder  of  the  operation  is  conducted  in 
the  same  way  as  already  described.  The  results,  when 
the  operation  is  carefully  performed,  are  very  accurate. 

The  preceding  process  may  be  shortened,  by  taking 
a Imown  weight  of  the  hydrochloric  acid — the  quantity 
of  real  acid  in  which  may  be  ascertained  both  from  the 
specific  gravity,  and  from  an  acidimetrical  examination 
— and  after  the  ammonia  from  the  mixture  in  the  com- 
bustion tube  has  been  absorbed,  the  contents  of  the 
nitrogen  apparatus  are  transferred  to  a beaker  glass, 
together  with  the  washings,  and  the  excess  of  acid 
neutralized  with  a standard  solution  of  ammonia,  of 
specific  gravity  "992,  containing  one  equivalent  of 
ammonia  in  a thousand  grains  of  the  solution.  Accord- 
ing to  the  number  of  grains  or  measures  from  a burette, 
required  to  saturate  the  free  acid,  the  quantity  of  am- 
monia in  the  sample  is  calculated.  Thus,  if  300  grains 
of  acid  of  1’20  density,  which  contain  40  70  per  cent, 
of  dry  acid,  were  taken,  and  required,  after  the  am- 
monia in  twenty  grains  of  the  mixture  was  absorbed, 
267J  measures  of  the  ammoniacal  solution  to  neutralize 
it ; and  knowing  that  every  hundred  measures,  or  a thou- 
sand grains  of  the  test  liquor,  contain  an  equivalent  of 
the  alkali,  which  is  capable  of  neutralizing  thirty-six 
and  a half  grains  of  real  acid — one  equivalent — ^the 
total  weight  of  free  acid  taken  up  by  the  test  liquor  is 
ascertained  by  simple  calculation,  and  this  deducted 
from  the  real  acid  in  the  three  hundred  grains  employed 
as  above,  the  difference  is  what  had  been  saturated  by 
the  ammonia  in  the  sample;  and  as  36'5  of  hydrochloric 
acid  is  equivalent  to  17  of  ammonia,  the  ammonia  in 
the  sample  is  calculated  from  these  data ; videlicet, 

36’5 ; 17 : : x — the  acid  taken  up — :y  — the  ammonia  in  the  sample ; 
and  centesimally — 

As  20— the  number  of  grains  of  the  mixture — : y : : 100  : y',  the 
per  centage. 

A more  delicate  way  by  which  the  quantity  of  the 
excess  of  acid  is  found,  is,  according  to  Peligot,  by 
dissolving  caustic  lime  in  a solution  of  sugar,  and  neu- 
tralizing the  acid  with  the  solution  thus  obtained.  The 
liquid  is  preserved  from  contact  with  carbonic  acid  m 
well-stoppered  bottles;  should  carbonic  acid  be  ab- 
sorbed, it  causes  a white  precipitate  of  carbonate  of 
lime,  which  may  be  removed  by  filtration,  and  the  solu- 
tion thus  clarified  serves  the  intended  pui-pose. 

The  saccharate  of  lime  thus  formed  has  an  alkaline 
reaction,  and  neutralizes  acids  like  an  alkaline  car- 
bonate. Its  saturating  power  is  tested  by  reducing 
pure  concentrated  sulphuric  acid  to  a density  of  1’25 
by  means  of  water,  after  which  five  hundred  grains,  or 
any  convenient  quantity,  is  taken,  and  the  weight  or 
measure  of  the  saccharate  of  lime  liquor  necessary  to 
neutralize  it  noted.  By  calculating  from  the  specific 
gravity,  the  weight  of  dry  acid  present  in  the  liquor 
taken  for  the  experiment  is  found,  which  is  equivalent 
to  the  volume  of  the  test  liquor  acid,  say  one  hundred 
divisions  of  the  burette.  These  numbers  vrill  remain 


a constant  factor  as  long  as  the  saccharate  of  lime  is 
made  of  a uniform  strength,  and,  therefore,  any  amount 
of  acid  in  a sample  is  proportionate  to  the  number  of 
divisions  of  the  liquor  required  to  saturate  it,  and  may 
be  calculated  accordingly.  To  apply  it  to  the  foregoing 
experiment : — After  the  whole  of  the  ammonia  is  ab- 
sorbed, the  content  of  the  sulphuric  acid  dish  is  trans- 
ferred to  a tall  testing  glass,  and  the  prepared  liquor 
poured  in  from  a burette,  till  the  acid  is  exactly  neu- 
tralized, which  is  known  by  a strip  of  litmus  paper  in 
the  usual  way,  as  well  as  fi’om  the  bluish  tint  which  the 
solution  acquires.  The  number  of  measures  of  test 
solution  used  is  read  off;  from  these  the  quantity  of 
dry  acid  remaining  of  the  five  hundred  grains  is  found 
in  the  way  already  alluded  to;  and  deducting  this 
from  the  total  weight  of  dry  sulphuric  acid,  the  differ- 
ence will  be  the  quantity  taken  up  by  the  ammonia 
of  the  sample  experimented  upon,  and  which  is  found 
by  calculation. 

To  give  an  example : — Let  fifty  grains  of  the  sample 
be  treated  as  directed  in  the  foregoing,  using  three 
hundred  grains,  or  any  other  convenient  weight  of  the 
acid,  of  the  normal  density  1 ■ 137 ; and  after  the  whole 
of  the  ammonia  has  been  absorbed  by  the  acid,  the 
surplus  of  the  latter  requires,  say  sixty  measures  of  the 
test  liquor.  Now,  if  it  be  previously  ascertained  what 
quantity  of  this  test  solution  is  required  to  neutralize 
one  hundred  grains  of  the  acid  of  1‘137  density,  equal 
to  27‘72  of  dry  acid,  which  may  be  here  taken  as  fifty, 
the  free  acid  remaining  of  the  tliree  himdred  grains 
above  is  easily  found ; for,  as  50  : 27’72  : : 60  : 33'264; 
and  this  sum  deducted  from  the  dry  acid,  is  the  quan- 
tity of  acid  taken,  videlicet,  83‘16  = 27'72  X 3,  the 
difference  wUl  be  50  in  round  numbers.  It  being 
known  that  forty  parts  of  dry  sulphuric  acid  combine 
with  sixteen  of  gaseous  ammonia,  or  twenty-six  of  the 
oxide,  the  corresponding  weight  of  ammonia  taken  up 
by  the  fifty  grains  is  found  thus : — As 


I 21  "0  of  gaseous  ammonia, 

40: 

^ or  [- 

::  50  : 

< or 

(26) 

{ 33’3  of  the  oxide. 

and  the  per  centage  of  ammonia  in  the  sample  is  ascer 
tained  by  the  same  simple  proportion  : — As  50  : a: : : 
100 : y. 

Ten  thousand  tons  were  about  the  average  manu- 
facture of  ammoniacal  salts  last  year — 1853 — of  which 
about  three  thousand  eight  hundred  tons  were  chloride, 
four  thousand  five  hundred  tons  sulphate,  and  about 
one  thousand  seven  himdred  tons  were  bicarbonate;  the 
former  sells  at  a cost  of  twenty-five  to  twenty-eight 
pounds  the  ton,  the  sulphate  at  seven  pounds,  and  the 
bicarbonate  at  thirty  to  thirty-five  pounds  per  ton, 
according  to  its  quality. 

ANTIMONY. — Antimoine,  French;  antimon,  Ger- 
man ; stibium,  Latin. — Primarily,  a metallic  ore  con- 
sisting of  sulphur  combined  with  a metal ; the  stibium 
of  the  Komans.  It  has  been  shown  at  page  48,  that 
the  ancients  used  to  designate  an  antimonial  prepara- 
tion by  the  appellation  alhohol.  It  was  used  for  paint- 
ing the  eyebrows,  and  Eastern  ladies  still  apply  it  for 
that  purpose ; it  no  doubt  imparts  a degree  of  fresh- 
ness to  the  complexion,  and  adds  m many  instances 
to  its  beauty ; it  bore  a Greek  name,  signifying  large 
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eyes,  from  the  circumstance  of  its  being  employed  for 
tlie  embellishment  of  those  organs.  Modern  science  has 
discovered  that  the  substance  known  to  the  ancients 
was  a sulphide  of  antimony,  which  is,  consequently,  the 
first  compound  of  the  metal  on  record;  the  word  is  also 
used  in  modem  times  to  denote  the  pure  metal. 

The  principal  ores  of  antimony  are  found  in  the 
mines  of  Bohemia  and  Hungary,  in  France,  England, 
and  in  America.  During  the  age  of  alchemy,  various 
other  antimonial  compounds  were  discovered;  and  an 
account  of  the  metal  is  foimd  in  the  writings  of  Basil 
Valentine  in  1460. 

Antimony  is  met  with  abundantly  in  nature — metallic, 
combined  with  other  metals;  namely,  with  a little 
silver  and  iron  in  native  antimony;  with  silver  in  anti- 
monial silver ; with  arsenic  in  arsenical  antimony ; with 
sulphur  and  sulphides  of  other  metals — ^for  example, 
per  se,  in  grey  antimony,  which  generally  contains 
copper,  arsenic,  and  iron;  with  iron  in  Berthierite; 
with  nickel  and  arsenic  in  nickeliferous  grey  antimony; 
with  lead  and  traces  of  iron,  copper,  bismuth,  and  zinc 
in  Jamesonite;  with  lead,  copper,  and  iron  in  Bour- 
nonite ; with  lead,  and  a trace  of  copper,  in  zinkenite ; 
with  lead  in  antimonial  lead  glance ; with  silver  and 
copper  in  melan  glance ; with  silver,  copper,  and  iron 
in  miargyrite;  with  silver  in  dark  ruby  silver,  rhom- 
bohedral  ruby  blende ; with  silver  and  arsenic  in  light 
ruby  sUver ; and  with  arsenic,  silver,  and  iron  in  arse- 
nical silver.  It  is  found,  more  or  less,  in  the  following 
argentiferous  minerals;  namely,  with  silver,  copper, 
iron,  and  zinc,  in  weissgiltigerz  and  graugiltigerz ; with 
copper  and  silver  in  antimonial  grey  copper,  tetrahe- 
dral copper  glance ; and  in  very  minute  quantity,  vrith 
copper,  iron,  silver,  and  arsenic,  in  kupfer-blende.  It 
occurs  as  an  oxide  in  white  antimony,  which  is  some- 
times contaminated  with  sesquioxide  of  iron,  and  with 
sulphide  of  antimony  in  the  red  antimonial  ore ; also 
as  antimonious  acid  in  antimonial  ochre. 

Antimonial  copper — Antimonhupferglanz,  German 
— is  composed,  according  to  Schrotter’s  analysis, 
of — 


Centesimally. 

Lead, 29-902 

Copper, 17-312 

Antimony, 1G-G14 

Arsenic, 6-036 

Iron, 1-404 

Sulphur, 28-702 


100-000 

Such  results  do  not  conveniently  admit  of  being  repre- 
sented by  a chemical  formula.  If  the  metals  enu- 


merated be  calculated  as  sulphides,  thus,  Pb  S,  Cu  S, 
Fe  S,  Sb  S3,  and  As  S3,  the  amount  of  sulphur  taken 
up  would  be  only  25-229,  whereas  the  analysis  yields 
28-602. 

The  principal  sources  of  the  antimonial  ores  are  the 
Continental  mines,  very  little  of  the  metal  being  found 
in  this  country.  The  ore  submitted  to  reduction  is  the 
sulphide  of  antimony — grey  antimony — of  which  from 
six  hundred  to  a thousand  tons  are  aimually  imported 
into  England. 

In  the  laboiatory,  the  metal  is  prepared  in  a variety 
of  ways : if  eight  parts  of  powdered  sulphide  of  anti- 
VOL.  I. 


mony  be  intimately  mixed  with  six  parts  of  tartar — 
tartrate  of  potassa — and  three  of  nitre,  and  the  mixture 
be  thrown  in  small  portions  into  a red-hot  crucible, 
and  kept  at  redness  for  some  time,  a metallic  button 
collects  at  the  bottom.  The  antimony  thus  obtained 
is,  however,  impregnated  with  small  traces  of  iron,  and 
resembles  the  better  sort  of  the  crude  metal  found  in 
the  market. 

When  the  sulphide  of  antimony — mixed  with  some 
charcoal  to  prevent  the  caking  of  the  mass — ^is  heated 
in  contact  with  air,  the  greater  part  of  the  sulphur  is 
expelled  and  tcroxide  of  antimony  foi-med;  this  may 
now  be  reduced  to  metal,  either  by  fusing  with  an 
adequate  quantity  of  black  flux,  or  with  the  addition 
of  ordinary  soap ; a button  of  impure  metal  remains. 
The  purest  antimony  is  procured  by  reducing  either 
the  teroxide  with  powdered  charcoal  and  alkali,  or  the 
potassio-tartrate  at  a proper  degree  of  heat. 

As  met  with  in  commerce,  antimony  is  more  or  less 
impure,  in  consequence  of  some  imperfections  or  mis- 
management in  the  process  of  its  reduction.  The  con- 
taminations are  generally  lead,  iron,  arsenic,  and  sul- 
phur; but  these  maybe  separated  by  grinding  the  crude 
metal  in  an  iron  mortar,  and  fusing  the  powdered  mass 
mth  one-tenth  of  its  weight  of  nitrate  of  potassa,  which 
oxidizes  all  the  foreign  ingredients,  as  well  as  a part  of 
the  antimony,  lea-ving  the  remainder  in  a pure  state. 

Antimony  is  very  brittle,  possesses  a white  silver}^ 
aspect,  and  a plated  crystalline  texture,  so  that,  when 
broken  up,,  the  fracture  exhibits  beautiful  facets.  It 
happens,  also,  that  when  the  metallic  button  of  anti- 
mony is  suffered  to  cool  in  the  crucible,  the  surface 
presents  a fine  stellated  appearance.  In  consequence 
of  this  crystalline  property,  the  alchemists  considered 
the  phenomenon  symbolical  of  that  mysterious  luminary 
which  was  to  guide  them  in  their  occult  path  to  the 
discovery  of  a imiversal  medicine,  or  the  philosopher’s 
stone. 

At  800°  Fahr.  the  metal  fuses,  and  at  a white  heat  it 
slowly  hut  distinctly  volatilizes  in  closed  vessels ; in  a 
current  of  hydrogen,  however,  it  distils  -with  tolerable 
facility.  If  exposed  to  a stream  of  oxygen,  on  ignited 
charcoal,  it  burns  brilliantly,  evolving  a white  light,  and 
is  at  the  same  time  converted  into  the  teroxide,  which 
is  eliminated  in  the  form  of  a thick  whitish  smoke. 

1 Should  a globule  of  the  metal,  at  a high  temperature, 
be  dropped  from  an  eminence  upon  a board,  or  plate  of 
iron,  the  mass  subdivides  into  numerous  smaller  globules, 
which  hop  along  the  plane  in  a combustible  state,  mark- 
ing the  course  they  take  by  a white  streak  or  line. 

Antimony  is  not  sensibly  affected  on  exposure  to 
the  air  at  the  ordinary  temperature;  its  surface  be- 
comes slightly  tarnished,  but  does  not  rust.  If  exposed 
to  the  air  during  fusion,  rapid  oxidation  takes  place. 

Hydrochloric  acid  dissolves  antimony  with  the  evolu- 
tion of  hydrogen,  and  the  formation  of  the  terchloride ; 
concentrated  sulphuric  acid  oxidizes  it,  sulphurous  acid 
being  at  the  same  time  evolved;  but  if  the  acid  be 
diluted  -with  water,  it  does  not  dissolve  it.  Nitric  acid, 
even  when  very  dilute,  rapidly  attacks  antimony,  and 
converts  it  into  a white  insoluble  powder — teroxide  of 
antimony,  antimonious  or  antimonic  acid,  according  to 
the  strength  of  the  acid  and  the  time  of  digestion. 
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Aqua  regia  converts  the  metal  into  the  terchloride. 
The  specific  gravity  of  antimony  is  6’712,  and  the 
specific  heat,  according  to  Regnault,  is  0'05077;  its 
atomic  or  combining  weight  is  129,  and  its  chemical 
symbol  Sb,  derived  from  the  Latin,  stibium. 

For  preparing  the  metal  on  a large  scale,  the  sul- 
pl'i<le  is  generally  employed,  as  well  for  the  abundant 
produce  which  it  yields,  as  from  the  reduction  being 
more  easily  effected  than  that  of  any  other  ore  of  the 
metal,  with  the  exception  of  the  native  oxide ; the  latter, 
however,  is  never  met  with  in  sufficient  quantity,  and, 
consequently,  is  seldom  used. 

There  are  two  varieties  of  the  sulphide  of  antimony, 
the  massive  and  the  fibrous;  the  former  presents  a 
long  columnar  composition;  and  the  latter  is  distin- 
guished by  its  plumous,  woolly,  or  felt-like  appear- 
ance; it  is  of  a light  lead  color,  but  sometimes  dull 
externally,  and  often  iridescent. 

Fig,  ns  The  mineral  is  met  with 

in  crystals  of  the  rhombic 
prism — Fig.  1 18 — which  are 
sometimes  aggregated  later- 
ally. Before  the  blowpipe, 
on  charcoal,  sulphide  of  an- 
timony fuses,  and  is  ab- 
sorbed, giving  off  at  the 
sime  time  sulphurous  acid 
and  white  fumes  of  the  teroxide  of  the  metal. 

The  most  celebrated  localities  productive  of  this 
mineral  are,  Felsohanya,  Chemnitz,  and  Cremnitz,  in 
Hungary,  whence  the  grey  antimony  is  procured; 
Dumfriesshire  in  Scotland,  where  the  fibrous  and  lami- 
nated variety  is  found;  and  Cornwall,  where  the  mas- 
sive sort  is  raised.  Other  varieties  of  the  sulphide  are 
also  to  be  found,  as  at  Magurka,  in  Hungary;  at  Frey- 
berg  and  Braunsdorf,  in  Saxony ; and  at  Stolberg,  in 
the  Hartz.  Various  analyses  of  the  sulphide  have  been 
made,  which,  of  course,  differ  in  their  results,  according 
to  the  greater  or  less  amount  of  foreign  matter  pre- 
sent. The  appended  analyses  of  the  pure  mineral,  by 
Thomson  and  Bergmann,  show  its  composition  : — 

Ccntesimally  represented. 

Atomic  weight  Theory.  Thomson.  Bergmann. 

1 Eq.  of  antimony, . . . 129  ....  72-89  ....  73-77  ....  74-0 

3 Eq.  of  sulphur, 48  ... . 27-11  ....  26-23  ....  26-0 

177  100-00  100-00  100-0 


ing  over  the  heated  mineral.  During  the  roasting,  the 
attendant  should  be  mindful  of  the  great  volatility  of 
the  sulphide  of  antimony,  and  regulate  the  heat  to  pre- 
vent the  loss  of  material  which  would  attend  the  appli- 
cation of  a too  elevated  temperature.  The  charge  of 
sulphide  should  be  well  stirred  with  an  iron  sheer  or 
spatula  during  the  roasting,  to  insure  every  part  com- 
ing in  contact  with  the  atmosphere.  When  properly 
roasted,  the  mass  has  a greyish-white  appearance. 

Having  obtained  the  oxide  in  the  manner  described, 
it  is  intimately  mixed  with  about  a tenth  of  its  weight 
of  crude  tartar,  and  reduced  in  large  earthen  crucibles, 
heated  in  a wind  furnace,  when  the  subjoined  decom- 
position takes  place : — 


Sb  O3  -f  K O,  Cg  Oio  = Sb  -t-  K 0,  C O2  -f  7 C 0 -f  4 HO 

Ta..rataofpot^,a.  Antiznon,. 


The  antimony  thus  obtained  is  tolerably  pure,  and  is 
ready  for  market.  Iron  is  the  principal,  and  often  the 
only  impurity  present. 

At  Linz,  in  Germany,  a furnace,  similar  to  that 
represented  in  the  annexed  cuts,  was  constructed  for 
he  reduction  of  antimony  at  one  operation.  Fig.  119 
ihows  a vertical  section;  the  bed  is  concave,  and  is 


constructed  of  sand  and  clay  well  consolidated ; at  its 
middle,  a pipe,  a,  forms  a canal  for  the  fused  metal  to 
.low  out  as  soon  as  produced,  and  which  is  closed  by 
heavy  ashes,  b is  the  air  channel  in  the  bridge  d,  and 
7 is  a door  through  -^yhich  the  prepared  ore  is  intro- 
luced  and  the  residuary  slag  abstracted.  The  fire  is 
Aown  at  f;  e is  the  grate,  and  g the  chimney. 


Manufacture  of  Antimony  on  the  Large  Scale. 
— Many  of  the  operations  in  the  preparation  of  anti- 
mony on  the  large  scale  are  the  same  as  those  which 
\vill  be  mentioned  hereafter,  when  describing  the  dry 
assay  of  the  antimonial  compounds.  The  method 
most  commonly  followed  is,  first  to  deprive  the  sul- 
phide of  antimony  of  its  sulphur,  and  substitute  oxygen 
by  heat  and  free  access  of  air,  as  in  the  annexed 
equation : — 

Sb  Sg  + Og  = Sb  O3  + 3 S O2 

TcrsuIpJride  of  Teroxide  of  Sulphurous 

aoUmony.  Hutimony.  ucid. 

This  change  is  conducted  in  a reverberatoi-j'  furnace, 
where  the  comparatively  large  amount  of  oxygen  re- 
quired to  displace  the  sulphur,  which  is  also  oxidized, 
is  derived  from  the  superabundant  current  of  air  fiow- 


Fig.  120. 


Fig.  120  is  a plan  of  the  preceding,  wherein  the  same 
letters  indicate  the  same  parts  as  previously  described. 
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Sulphide  of  antimony  is  dressed  for  reduction  by 
mixing  it  with  the  proper  quantity  of  iron,  or  iron 
scales,  and  alliahne  carbonate.  Two  or  three  hundred- 
weight of  ore  require  from  eight  to  ten  hours’  heat  for 
reduction ; but  the  metal  obtained  in  this  way  is  very 
impure,  and  is,  therefore,  remelted  in  portions  of  from 
twenty  to  thirty  pounds  in  crucibles,  covered  over 
with  ground  charcoal,  and  heated  in  a reverberatory 
furnace. 

The  metal  obtained  by  this  process  contains  consi- 
derable quantities  of  iron,  sulphur,  and  frequently 
arsenic,  lead,  and  copper;  and  as  these  bodies  dete- 
riorate its  quality,  even  for  the  arts,  and  as  it  cannot 
be  employed  in  medicine  while  the  smallest  trace  of 
arsenic  is  present,  it  becomes  imperatively  necessary 
to  subject  the  crude  article  to  purification.  For  this 
purpose  it  is  fused  with  one-eighth  part  of  sulphide 
of  antimony,  and  an  equal  weight  of  carbonate  of 
soda,  in  a hessian  crucible,  for  one  hour.  On  break- 
ing the  crucible,  after  cooling,  the  metal  is  carefully 
separated  from  the  slag  and  submitted  to  a second 
fusion  with  one  part  and  a half  of  the  carbonate,  and 
sometimes  a third  fusion  may  be  required ; but  hi  this 
case  it  is  to  be  performed  with  one  part  of  the  alkaline 
carbonate.  Should  there  be  lead,  it  remains  in  the 
antimony  after  the  second  fusion,  although  the  other 
metals  may  be  completely  removed;  and  from  its  great 
fusibihty,  slight  portions  are  retained  even  after  the 
third  operation. 

If  arsenic  be  absent,  a part  of  the  metallic  antimony 
is  oxidized  and  remains  in  the  slag ; but  very  httle,  if 
any,  of  the  metal  is  thus  acted  upon  whilst  arsenic  is 
present. 

It  has  been  found  that  a hundred  parts  of  the  crude 
metal  and  six  parts  of  the  sulphide  yield  ninety-four  of 
pure  antimony.  It  is  necessary,  when  larger  quantities 
of  iron  are  present,  to  add  proportionally  more  of  the 
sulphide  of  antimony — as  eight  parts  of  the  impure 
metal,  two  of  the  sulphide,  and  two  of  carbonate  of 
soda;  for,  unless  there  be  sufficient  sulphur  to  combine 
with  the  whole  of  the  iron,  the  arsenic  cannot  be  oxi- 
dized. 

Wohler  recommends  defiagration  of  ten  parts  of 
the  metal  with  twelve  of  saltpetre  and  ten  of  carbonate 
of  soda ; the  arsenic  is  oxidized,  and  forms  an  arsenite 
of  potassa,  and  also  the  antimony  converted  into  anti- 
moniate  of  potassa  by  this  treatment.  On  boiling  the 
fused  mass  with  water,  the  arsenical  compound  is  dis- 
solved, leaving  the  antimoniate,  which  is  collected, 
washed,  dried,  and  reduced  in  the  usual  way  with  char- 
coal in  an  earthen  pot. 

The  metal  obtained  by  this  means  still  contains 
copper  and  iron. 

According  to  Berzelius,  the  impurities  are  removed 
by  fusing  two  parts  of  the  metal  in  fine  powder  with 
one  part  of  teroxide  of  antimony ; the  iron,  copper,  and 
arsenic  are  oxidized,  and  remain  in  the  slag ; in  this 
case  the  lead — should  any  be  present — is  stfil  combined 
with  the  antimony.  The  Editor  suggests  that  it  is 
better  to  fuse  a little  more  than  four  parts  of  antimony 
with  one  part  of  peroxide  of  manganese,  and  to  subject 
the  regulus  so  obtained  to  a second  fusion  with  one- 
tenth  of  its  weight  of  carbonate  of  soda. 


As  the  sulphide  of  antimony  is  nearly  always  asso- 
ciated with  seams  of  sUicious  and  calcareous  unpurities, 
a preliminary  operation  is  resorted  to  in  order  to  sepa- 
rate them ; this  process  is  called  eliquation. 

Any  difference  that  exists  in  the  manner  of  eli- 
quating  crude  sulphide  of  antimony  is  chiefiy  in  the 
furnace  employed.  In  Hungary,  the  ancient  method 
of  introducing  the  ore  into  large  pots  or  crucibles  is 
still  practised.  These  pots  are  furnished  with  an  aper- 
ture at  their  bottom,  opening  into  a smaller  one,  which 
is  embedded  in  the  ground.  A cover  is  appended  to 
the  upper  pot,  which  may  be  luted  down  after  the 
vessel  is  charged.  These  pots  are  placed  in  a circle 
with  a furnace  in  the  centre,  the  heat  from  which 
passes  freely  under  the  bottom  and  round  the  body  of 
each  pot. 

Figs.  121  and  122  are  drawings  of  this  arrangement; 
the  former  is  a section  of  the  elevation,  and  the  latter 
a plan,  showing  the  position  of  the  crucibles  roimd  the 
fire,  aa  a denote  the  pots  wherein  the  crude  ore  is 

Eig.  121.  Fig.  122. 


heated,  and  ccc  the  smaller  pots  which  receive  the 
liquid  sulphide ; d is  the  fire-grate.  In  the  elevated  sec- 
tion, the  relative  position  of  these  crucibles  is  compre- 
hensively shown,  with  their  connecting  tubes,  h h ; botli 
crucibles  and  tubes  are  made  of  earthenware. 

The  furnace  employed  for  the  ehquation  of  the 
crude  sulphide,  at  Vandfie,  in  France,  is  represented  in 
Fig.  123,  where,  instead  of  several  pots  being  situated 


Fig.  123. 


around  the  fii’e,  the  bed  of  the  reverberatory,  which  is 
connected  with  a recipient  for  the  purified  material, 
supplies  their  place.  In  the  figure,  a represents  the 
fire-place,  h the  bridge  of  the  furnace,  c the  concave 
hearth,  lying  on  the  substrata,  d;  e is  the  pipe  which 
issues  from  the  bottom  of  the  furnace  hearth,  and 
carries  the  liquid  products  along  to  the  recipient,  f. 
The  furnace  is  heated  by  the  flue  passing  around  the 
body,  and  the  charge  is  introduced  through  an  opening 
in  the  dome,  not  shown  in  the  woodcut.  Such  a con- 
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struction  of  furnace  is  preferable  to  the  preceding,  both 
j from  the  simphcity  of  its  arrangement  and  the  advantage 
I of  its  being  reverberatory.  When  moderately  rich  ores 
I are  subjected  to  purification,  the  charge,  which  is 
j usually  from  eight  to  ten  hundredweight,  yields  from 
four  to  five  hundredweight  of  the  piurified  substance, 
with  a consumption  of  about  twenty-five  eubie  feet  of 
wood  as  fuel.  Three  such  charges  may  be  worked  off 
! in  the  long  days  of  summer. 

I The  best  furnace  for  the  separation  of  the  sulphide 
; i of  antimony  from  its  matrix,  is  that  in  use  at  the  ex- 
I i tensive  mines  of  Malbose,  in  the  Ardeche  Department 
i in  France,  and  is  sketched  in  the  subjoined  engi'av- 
ings.  Fig.  124  is  a vertical  view  of  the  plan  on  a 
line  with  the  flues  which  issue  from  the  several  fires, 
and  which  are  denoted  by  the  letters  fgh,  and  the 
grates,  whereon  the  ignited  fuel  is  supported,  by  a & c. 
These  grates  are  four  feet  and  a half  in  length  by 
about  a foot  in  breadth,  and  are  separated  by  two 
j square  galleries,  d and  e,  nmning  parallel  through  the 

j I furnace,  and  protected  from  the  direct  action  of  the 

j fire  by  walls,  having  the  alternate  openings,  fg  h,  serv- 

i ing  as  flues,  to  conduct  the  heat  into  the  galleries, 

I which  are  closed  by  the  iron  doors,  i i,  at  each  end. 
i Fig.  125,  the  elevated  section  of  this  plan,  explains 
j tlie  nature  of  the  arrangement. 

I In  this  drawing  aU  the  parts  before  referred  to  are 
I indicated  by  the  same  letters.  The  galleries,  d d,  hold 

! two  large  crucibles,  k k,  of  cast-iron ; and,  in  order  that 

they  may  not  adhere  to  the  sulphide  of  antimony 
which  flows  into  them,  they  are  covered  with  clay 
luting.  To  each  of  these  crucibles  a set  of  wheels, 
running  on  parallel  bars  of  iron,  leading  into  the  fur- 
nace, is  affixed.  In  this  way  the  crucibles  are  charged, 
fixed  in  the  furnace,  and  withdrawn  with  facility. 
Both  galleries  are  covered  with  flat  tiles  of  firebrick,  1 1, 


Fig.  124. 


on  which  the  conical  fire-clay  cylinders,  mm,  rest. 
Sulphide  of  antimony  for  eliquation  is  introduced  into 
these  fii-e-proof  cylinders,  and  the  product,  purified  by 
fusion,  is  received  in  the  lined  crucible  beneath  the 
cover,  1 1,  through  the  connection,  or  small  opening,  n, 
at  the  base  of  the  cylinders.  22  is  the  arch  of  the 
furnace  through  which  the  cylinders  ascend,  by  open- 
ings somewhat  larger  than  their  outer  diameters ; these 
orifices  are  closed  at  the  top  by  clay  covers,  r r.  I'he 


arch  at  the  top,  s,  is  constructed  cylindricaUy,  forming 
a double  cross  arch. 

After  the  flame  from  the  fire  has  played  roimd  the 


Fig.  125. 


cyhnders  containing  the  mineral,  it  departs  through 
three  openings  and  flues  into  the  chimney,  t — Fig.  126. 
Two  of  these  openings  are  indicated  by  the  letters 
u and  V,  in  this  figure,  which  is  a section  of  the  eleva- 
tion following  the  line,  c d,  of  Fig.  124 ; these  flues  are 
provided  with 

valves,  w is  a 
chimney  for 

carrying  off  an- 
timonial  vapors 
which  may  be 
expelled  from  the 
cylinders  while 
drawing  out  the 


haustedore.  An- 
other chimney,  x, 
begins  above  yy 
— see  Fig.  125 — 
where  the  cylin- 
ders are  charged; 
a partition,  z,  di- 
vides this  chim- 
ney into  two 
parts,  so  that  the 
workman,  while 
operating  on  one 
side,  is  not  incon- 
venienced by  the 
fumes  of  the  other,  o o are  orifices  several  inches  in 
height,  by  which  the  cylinders  may  be  reached  from 
the  front  and  back  nart  of  the  furnace  by  conical 
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openings,  such  as  p,  in  the  walls ; the  openings,  o o, 
j are  closed  during  the  working  with  clay  stoppers, 
n n,  seen  in  the  preceding  figure,  which  are  removed 
j ' at  the  end  of  an  operation,  a'  and  h'  b'  are  iron 
j and  wooden  beams  and  bands  to  brace  the  chimneys, 
j c'  c'  are  conical  arches  on  both  sides  of  the  furnace, 

; closed  with  well-fitting  plates,  d' d' ; through  these 
the  interior  of  the  furnace  may  be  examined,  and  re- 
pairs made,  when  required. 

Each  cylinder  is  charged  with  four  hundred  and 
j ninety  pounds  of  ore,  previously  warmed  on  the  arch, 

I the  coarsest  and  richest  of  which  is  placed  at  the  bot- 
tom of  the  cylinders.  As  soon  as  the  eliquation  is  com- 
pleted, the  impurities  remaining  are  withdrawn  through 
the  openings,  o o,  and  a fresh  charge  introduced.  The 
sulphide  of  antimony  produced  should  have  a bluish 
color;  if  it  possesses  a reddish  appearance,  it  is  indi- 
cative of  too  great  a heat.  When  the  iron  recipients 
are  three  quarters  filled,  they  are  drawn  out  and 
allowed  to  cool,  and  the  lump  of  crude  antimony — 
sulphide — removed.  Fresh  charges  are  put  in  every 
' three  hours,  and  about  one  hundred  pounds  of  the  sul- 
i phide  obtained  at  each  process,  when  the  furnace  is  in 
j successful  operation.  On  an  average,  the  cjdinders 
j last  about  twenty  days. — Booth. 

I The  product  from  the  preceding  operations  is  roasted 
j in  a reverberatory  furnace  to  expel  the  whole  of  its 
I sulphur,  and  produce  instead  the  teroxide  of  the  metal; 

the  latter  is  subsequently  reduced  by  mixing  it  with 
j about  twenty  per  cent,  of  charcoal,  saturated  with  a 
I strong  solution  of  carbonate  of  soda.  According  to 
Berthier,  seventy  per  cent,  of  good  metal  may  be 
j procured  from  the  ordinary  product  of  eliquation  of 
the  crude  sulphide,  as  above,  when  mixed  with  sixty 
parts  of  iron  scales  from  the  hammer  or  rolling  mill, 
forty-five  to  fifty  of  carbonate  of  lime,  and  ten  to 
twelve  of  powdered  charcoal,  and  the  mixture  heated 
to  fusion  in  the  ordinary  way.  Iron  is  often  found  in 
considerable  quantities  in  the  antimony  procured  from 
this  mixture;  and,  therefore,  unless  subsequently  puri- 
fied, it  cannot,  in  many  instances,  be  advantageously 
employed. 

Uses  in  the  Arts. — Antimony  is  chiefly  used  as 
an  ingredient  in  the  construction  of  alloys,  such  as 
type-metal,  Britannia-metal,  plate-pewter,  and  various 
others.  The  typefounder  uses  two  alloys  of  antimony, 
lead,  and  tin;  the  one  composed  of — 

Tea  lead, — 75  ^ f Tea  lead, 70 

Antimony, . . 20  V and  the  other  •<  Antimony, ....  25 
Block  tin,...  5)  (Block  tin, 5 

100 

Stereotype  metal  is  formed  of 

Tea  lead, 

Antimony, 

Block  tin, 

133 

The  best  Britannia-metal  in  one  of  the  largest  manu- 
factories in  Birmingham  is  composed  as  follows : — 

Ccntesimallj. 


Tin, 90 

Antimony, 10 


100 


A higher  proportion  of  antimony  is  sometimes  used. 
From  three  to  six  per  cent,  of  copper  was  formerly 
added ; but  this  metal  is  now  discarded,  or  is  only  used 
to  give  color,  in  the  proportion  of  about  one  and  a half 
per  cent,  for  good  metal.  The  best  Britannia-metal  is 
nearly  all  tin,  with  no  addition  but  antimony,  as  above 
stated.  Lead,  which  is  given  in  some  recipes,  is  care- 
fully avoided.  Bismuth  is  also  rejected  in  good  articles. 
Nearly  every  manufacturer,  however,  uses  different 
proportions,  according  to  the  quality  of  liis  tin,  a small 
quantity  of  which  he  previously  tries  with  antimony,  to 
find  out  the  best  result  with  that  particular  quality  of 
tin  upon  which  he  is  about  to  operate. 

The  specific  gravity  of  the  first  three  alloys  above 
mentioned  is  greater  than  the  calculated  mean  of  the 
metals,  on  account  of  a contraction  of  volume  taking 
place  at  the  moment  of  cooling.  With  those  alloys 
where  tin  is  in  excess,  the  result  is  opposite,  for  at  the 
point  of  solidifying  the  mixture  expands,  and,  conse- 
quently, the  gravity  is  reduced. 

Antimony  is  used  as  an  ingredient  in  the  preparation 
of  concave  miiTors  for  giving  a finer  texture  to  the 
mass,  on  which  account  it  takes  a better  polish ; and  in 
the  casting  of  beUs,  for  the  purpose  of  giving  a clearer 
and  stronger  soimd,  as  also  to  make  them  harder  and 
whiter  than  they  would  otherwise  be.  From  its  easy 
fusibility,  it  is  used  to  promote  this  property  in  other 
metals  which  may  be  employed  for  artistic  or  manu- 
facturing purposes,  especially  in  casting  cannon  balls. 

The  negative  elements  with  which  antimony  forms 
the  principal  compounds  are,  oxygen,  sulphur,  and 
chlorine,  which  unite  with  it  in  various  proportions,  as 


seen  in  the  annexed  table 

Name. 

Symb^ 

Atomic  weight. 

Teroxide  of  antimony, .... 

Sb  O3 

....  153-0 

Antimonious  acid, 

Sb  O4 

....  161-0 

Antimonic  acid, 

Tersulphide  of  antimony,. . 

SbOs 

....  169-0 

Sb  S3 

....  177  0 

Quadrasulphide, 

Sb  S4 

....  193-0 

Pentasulphide, 

Sb  Sg 

....  209-0 

Oxysulphide, 

Sb  S3,  Sb  O3 

....  330-0 

Terchloride  of  antimony,. . 

Sb  CI3 

....  235-5 

Quadrachloride  of  antimony, 

Sb  CI4 

....  271-0 

Pentachloride  of  antimony. 

Sb  CI5 

....  306-5 

It  also  unites  with  bromine,  iodine,  and  selenium. 

Of  the  preceding  compounds,  the  tersulphide,  ter- 
chloride,  and  teroxide,  are  the  only  important  bodies  in 
a manufacturing  point  of  view;  and  are,  with  the 
exception  of  the  tersulphide  which  is  employed  to  pre- 
pare the  metal,  almost  exclusively  used  in  medicine. 
These  will  now  be  described. 

Tersulphide  of  Antimony. — Crude  antimony — 
antimony  ore — sesquisulphide  of  antimony;  schwefel- 
spiessglanz — anderthalb—schwefelspiessglanz  rohes  an- 
timon,  German;  stibium  sulplmratum  nigrum,  lupus 
metallorum,  Latin. 

Having  aheady  described  the  principal  use  of  this 
antimonial  compound,  and  the  method  followed  for 
purifying  it,  nothing  further  remains  but  to  add  a few 
words  on  the  manner  in  which  the  pure  sulphide  is 
procured  for  other  purposes.  That  noticed  in  the  fore- 
going, even  after  careful  eliquation,  contains  variable 
quantities  of  sulphides  of  iron,  lead,  copper,  and  arsenic; 
hence  the  black  streak  which  the  eliquated  compound 
makes,  instead  of  a blacldsh  red,  which  is  formed  by 
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the  pure  substance.  It  may  be  prepared  in  the  dry  way, 
by  fusing  thirteen  parts  of  pure  antimony  and  five  of 
flowers  of  sulphur — sublimed  sulphur — in  a crucible,  the 
mixtoe  being  introduced  by  degrees  and  at  short  inter- 
vals. After  the  whole  has  been  fused,  the  crucible  is 
taken  from  the  fire  and  inverted,  to  allow  the  melted 
sulphide  to  flow  out.  The  whole  of  the  metal  may  not 
be  decomposed  in  this  operation,  but  those  portions 
which  have  escaped  the  action  of  the  sulphur  are  easily 
removed. 

In  the  humid  state,  sulphide  of  antimony  may  be 
manufactured  in  various  ways : flrstly,  by  conducting 
a stream  of  sulphide  of  hydrogen  gas  through  a concen- 
trated solution  of  tartar  emetic — bitartrate  of  antimony 
and  potassa — an  orange  red  precipitate  is  formed,  which 
is  the  sulphide  in  question;  secondly,  when  kermes 
mineral  is  digested  in  the  heat  with  tartaric  acid,  any 
oxide  of  antimony,  as  weU  as  potassa,  which  may  be 
present,  is  removed,  and  the  pure  tersiflphide  of  anti- 
mony remains ; and  thirdly,  by  digesting  a mixture  of 
one  part  of  crude  sulphide  of  antimony  with  one  part 
of  pearl  ash — crude  carbonate  of  potassa — one  and  a 
half  of  slaked  lime,  and  flfteen  of  water,  in  a closed 
vessel  for  two  hours.  During  the  digestion,  a soluble 
double  sulphide  of  antimony  and  alkali  is  formed ; and 
on  adding  sulphuric  acid  to  decompose  the  alkaline 
sulphide,  sulphide  of  antimony  falls  down;  this  preci- 
pitate is  then  Altered,  washed  with  sulphide  of  hydro- 
gen water,  and  dried. 

Pure  sulphide  of  antimony,  as  prepared  by  the  first 
method,  has  a steel-grey  color,  a shining  metallic  lustre, 
and  a fibrous  crystalline  texture ; it  is  brittle,  and  gives 
a reddish-black  streak  upon  paper;  it  is  very  fusible, 
but  less  so  than  the  metal,  boils  at  a high  temperature, 
and  partially  distils  in  a current  of  gas.  When  heated 
to  whiteness  in  a crucible,  it  loses  from  ten  to  twelve 
per  cent,  of  its  weight  of  sulphur;  heated  in  the  air,  it 
suffers  decomposition,  giving  off  its  sulphur  in  the  form 
of  sulphurous  acid,  and  absorbing  oxygen,  which  con- 
verts it  into  teroxide  of  antimony. 

A current  of  hydrogen  gas  passed  over  it  at  a low  red 
heat  completely  desulphurizes  it,  leaving  pure  metal. 
This  property  of  hydrogen — that  of  depriving  it  of  sul- 
phur at  a red  heat — is  possessed  also  by  many  metals, 
of  which  the  most  energetic  is  iron.  When  exposed 
with  charcoal  to  a white  heat,  the  sulphide  of  antimony 
is  reduced  to  metal. 

When  the  sulphide  and  teroxide  of  antimony  are 
fused  together,  combination  takes  place,  without  either 
of  the  compounds  suffering  decomposition. 

The  following  analyses  by  Berzelius  and  Thomson 
show  the  composition  of  pure  sulphide  of  antimony : — 


Centesimally  represented. 


At.  weight. 

Theory. 

Berzelius.  Thomson. 

1 Eq.  of  antimony, .... 

126  .. 

72-7  . 

. 72-8  . 

. 73-7 

3 Eq.  of  sulphur, 

48  .. 

27-3  . 

. 27-2  . 

. 26-3 

1 Eq.  of  sulphide  ol  antimony,  174 

100-0 

100-0 

100-0 

Its  chief  use,  besides  its  employment  as  a source  for 
the  production  of  the  metal,  is  for  pharmaceutical  pre- 
parations, chiefly  tartar  emetic. 

Kermes  mineral  is  another  sulphide  of  antimony, 
united  to  an  alkaline  sulphide,  and  one  which  has  long 


been  known.  For  a considerable  time  it  was  supposed 
to  consist  of  oxide  of  antimony  united  to  the  sulphides 
of  the  metal,  until  the  researches  of  Berzelius  and 
Ros£  proved  it  to  be  a true  sulphide  of  antimony 
united  to  an  alkaline  sulphide.  It  may  be  prepared  in 
various  ways:— 

Firstly,  by  heating  slowly  one  part  of  pure  carbonate 
of  potassa  and  two  and  three-fourth  parts  of  pure  sul- 
phide of  antimony,  in  a covered  crucible,  till  the  mass 
fuses,  but  does  not  boil;  this  mixture  is  to  be  boiled  I 
with  water,  and  filtered;  the  compound  sulphide  dis- 
solves out,  and,  on  exposing  the  solution  to  the  air, 
precipitates.  After  the  first  filtration,  the  residue  is 
heated  with  water,  or  with  the  clear  mother  liquid  left 
after  a previous  deposit  of  kermes;  a further  quantity  of 
the  compound  is  dissolved  out,  which  separates  from 
the  liquid,  as  before,  as  soon  as  the  whole  becomes 
cold.  When  the  boihng  solution  has  been  thus  treated 
three  or  four  times  in  succession,  there  remains  an  in- 
soluble substance,  composed  of  a tersulphide  and  ter- 
oxide of  antimony,  Sb  S3,  Sb  O3. 

A second  method  is  by  fusing  two  parts  of  metallic 
antimony,  one  of  sulphur,  and  three  of  carbonate  of 
soda;  or  sixteen  parts  of  the  metal,  three  of  sulphur,  and 
thirty -two  parts  of  carbonate  of  potassa;  it  may  also 
be  prepared  by  heating  a mixture  of  from  three  to 
four  parts  of  cream  of  tartar — ^bitartrate  of  potassa — 
and  one  part  of  sulphide  of  antimony,  in  a crucible,  till 
the  vapor  of  decomposed  tartaric  acid  disappears. 

The  theory  of  the  formation  of  kermes  will  be  under- 
stood from  the  behavior  of  the  crude  antimony  with 
alkalies  or  their  carbonates. 

It  has  been  found  that  no  teroxide  of  antimony  is 
produced  by  boihng  the  ordinary  sulphide  with  a di- 
lute solution  of  alkaline  carbonate;  and  the  appended 
analysis  by  Ros£  proves  its  absence,  even  when  more 
alkali  is  present  than  the  tersulphide  could  saturate. 

He  found  the  kermes  formed  imder  these  circumstances 
to  consist  of — 

Centesimally. 


Antimony, 69'00 

Potassium, 2-25 

Sulphur, 28-41 

Loss 'St 


100-00 

From  this  analysis,  it  appears  that  sulphur  is  present  in 
the  ratio  of  the  formula  K S3,  Sb  S3;  he  states,  however, 
that  no  tersulphide  of  potassiimi  existed,  but  a sulphanti- 
moniate  of  sulphide  of  potassium,  K S,  Sb  S^,  which  did 
not  appear  to  be  united  with  the  sulphide  of  antimony. 
The  kermes,  which  separates  after  boiling  the  crude 
antimony  with  alkaline  carbonate  in  excess  and  cool- 
ing the  hquid,  contains  teroxide  of  antimony;  the  first 
portions  less,  the  last  more  of  the  oxide.  After  drying 
the  precipitate  the  teroxide  of  antimony  becomes  more 
apparent,  especially  if  examined  with  the  microscope, 
which  shows  its  definite  crystalline  structure,  inter- 
spersed with  the  amorphous  flocculi  of  the  kermes. 
Dilute  alkaline  solutions  hold  the  teroxide  of  antimony 
in  solution ; stronger  lies  dissolve  a larger  quantity  of 
this  body,  but  part  with  it  again  as  the  menstrua  cool. 

During  the  aetion  of  the  alkali,  a portion  of  the  sul- 
phur united  to  antimony  is  exchanged  for  the  oxygen  of 
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the  alkali,  and  a corresponding  alkaline  sulphide  with 
teroxide  of  antimony  is  constituted;  hence  the  hot  solu- 
tions of  the  alkali,  acting  upon  the  sulphide,  always 
give  rise  to  the  hyposulphantimonide  of  the  sulphide  of 
potassium,  and  hypoantimonide  of  the  oxide  of  potassium. 

The  same  interchange  takes  place  when  sulphide  of 
antimony  is  fused  with  the  alkaline  carbonate  in  the 
crucible ; a portion  of  the  sulphide  is,  however,  reduced 
to  metal,  and  the  sulphur,  which  it  hitherto  held  in 
combination,  is  transferred  to  the  undecomposed  sul- 
phide, which  is  thereby  converted  to  the  state  of  quin- 
quisulphide.  Kennes,  formed  by  boiling  the  sulphide 
of  antimony  with  potassa,  does  not  contain,  according 
to  Booth,  a trace  of  the  oxide  of  antimony;  but 
Brande  states,  on  the  authority  of  Berzelius,  that 
when  the  mixture  is  boiled  an  alkaline  sulphide  is 
formed;  and  the  antimony  is  converted  into  teroxide 
proportionately  to  the  oxj^gen  of  the  decomposed 
alkali : — 

3 K 0 -f  Sb  S3  = 3 K S -f  SbOa 

I'otassa,  Tersulphide  Sulphide  ot  Teroxide  of 
of  antimony,  potassium,  antimony. 

The  sulphide  of  potassium  unites  with  undecomposed 
sulphide  of  antimony,  giving  rise  to  a double  sulphide 
of  both  these  metals,  K S,  Sb  S3 ; and  the  teroxide  of 
antimony  combines  with  the  remaining  undecomposed 
potassa,  so  that  when  hot  water  is  added,  a solution  is 
obtained,  containing  the  double  sulphide  of  antimony 
and  potassium,  and  also  the  oxygen  compound  of  both 
these  metals.  As  the  liquid  cools,  sulphide  of  anti- 
mony deposits — ^merely  because  the  solvent  power  of 
the  sulphide  of  potassium  diminishes  by  cooling — and 
carries  down  with  it  variable  quantities  of  antimoni- 
ated  potassa,  apparently  in  combination,  as  it  cannot 
be  removed  by  washing. 

The  cold  liquor  still  retains  some  of  the  compound 
sulphide  of  potassium  and  antimony,  and  also  the  anti- 
moniate  of  potassa;  by  adding  a dilute  acid  to  this 
liquid,  the  sulphide  of  potassium  and  water  suffer  de- 
composition, being  transformed  into  sulphide  of  hydro- 
gen and  potassa ; the  antimoniated  potassa  is  likewise 
broken  up,  a salt  of  the  alkali  with  the  decomposing 
acid  being  formed,  by  which  the  sulphide  of  hydrogen 
and  teroxide  of  antimony  are  induced  to  unite  and 
form  a sulphide  of  that  metal  which  precipitates ; this 
precipitate  has  a golden  yellow  color,  and  is  hence 
called  the  golden  sulphide  of  antimony.  It  differs 
from  kermea  inasmuch  as  there  is  no  potassium,  but 
more  of  the  teroxide  of  antimony;  and  probably  it  con- 
tains an  oxysulphide  of  the  metal.  The  constituents 
of  these  two  remarkable  compounds  are  contrasted  to 
show  their  composition,  the  relative  proportions  of  their 
components  being,  however,  indefinite  : — 


Kermes. 

Sulphide  of  antimony. 
Antimoniated  potassa. 


Golden  sulphide. 

Sulphide  of  antimony. 
Teroxide  of  antimony. 


Kermes  mineral,  as  a medicinal  agent,  was  at  one 
time  in  high  repute  on  the  Continent,  where  it  is  still 
occasionally  used  in  considerable  quantities;  in  Eng- 
land it  is  scarcely  ever  prescribed  to  alleviate  hum'hn 
ailments,  though  used  largely  as  a veterinary  medicine. 
Bereira  states  that,  when  administered  in  small  doses. 


it  acts  as  a sudorific  and  liquefacient;  in  large  doses, 
as  an  emetic  and  purgative.  It  has  also  been  fovmd  to 
act  with  great  benefit  as  a contra-stimulant,  or  hypos- 
thenic,  in  inflammatory  diseases,  especially  in  pneu- 
monia. The  uncertainty  of  its  operation  is,  however,  a 
great  drawback ; even  when  moderate  action  follows  its 
use,  it  is  doubtful  whether  it  has  any  advantage  over 
tartar  emetic. 

Hydrochloric  acid  decomposes  kermes  mineral  with 
the  formation  of  terchloride  of  antimony,  the  elimina- 
tion of  sulphide  of  hydrogen,  and  the  precipitation  of 
sulphur : — 

K S,  Sb  S5,  Sb  S3  -k  7 H Cl  = K Cl  + 2 Sb  CI3 

Kermes.  Hydrochloric  Chloride  of  Terchloride  of 

acid.  potassium.  antimony. 

-t-  7 H S -k  S3 

Golden  sulphide  of  antimony  is  completely  soluble 
in  hydrochloric  acid,  with  the  evolution  of  sulphide 
of  hydrogen ; this  behavior  shows  at  once  that  it  is  a 
sulphide,  while,  like  all  the  other  sulphides  similarly 
treated,  a solution  of  terchloride  of  antimony  is  formed. 
When  boiled  with  a solution  of  bitartrate  of  potassa, 
tartar  emetic  is  produced  in  the  liquid,  from  the  solution 
of  the  oxide  of  antimony  contained  in  the  precipitate. 
Its  color  partly  distinguishes  it  from  those  sulphur  com- 
pounds aheady  mentioned.  According  to  Philips’ 
analysis,  its  composition  is  as  follows ; — 


Centeaimally  represented. 


1 Eq.  of  teroxide  of  antimony, . . . 
5 Eq.  of  tersnlpbide  of  antimony, 


weight. 

Theory. 

Philips. 

. 153  .. 

..  13  .. 

..  120 

. 885  . . 

. . 75  . . 

. . 76-5 
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. . 11-5 
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1 Eq.  of  golden  sulphide, 1182 

Bitartrate  of  potassa  extracts,  according  to  the  preced- 
ing, about  twelve  per  cent,  of  its  weight,  being  the 
amount  of  teroxide  of  antimony  present  in  the  sample. 

The  commercial  article  is  often  of  a much  brighter 
color  than  that  just  described ; it  is  prepared  by  boiling 
the  sulphide  with  potassa  and  groimd  sulphiu-,  and,  after 
filtering  off  the  liquor,  precipitating  the  compound  by 
means  of  an  acid  in  the  usual  way.  Redwood  men- 
tions two  methods  whereby  the  product  is  obtained  of 
a similar  color  to  the  commercial  article : namely,  four 
parts  of  the  black  sulphide  of  antimony  are  boiled  with 
eight  of  lime  and  eighty  parts  of  water,  the  liquor 
strained  and  precipitated  by  hydrochloric  acid  in  the 
usual  way;  or,  two  parts  of  the  sulphide  may  be  fused 
in  a crucible  with  four  parts  of  carbonate  of  potassa  and 
one  of  sulphur;  the  residue,  when  cold,  boiled  with 
twenty  parts  of  hot  water;  the  solution  filtered  and 
decomposed  by  a large  excess  of  sulphuric  acid. 

The  medicinal  effects  of  tliis  compoimd  are  more 
active  than  those  of  the  kermes,  on  account  of  the 
larger  proportion  of  teroxide  of  antimony  which  it  con- 
tains. Its  uses  are  as  an  alterative  in  chronic  dis- 
eases, particularly  cutaneous  affections,  glandular  en- 
largements, rheumatism,  and  liver  complaints. 

Oxysulphide  of  antimony  is  another  of  those  com- 
pounds, prepared  almost  in  the  same  way  as  kermes 
mineral,  with  the  addition  of  sulphuric  acid  to  the 
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solution  obtained  after  boiling  the  sulphide  of  antimony 
in  the  alkaline  liquid;  the  action  of  the  alkali  being 
productive  of  a hyposulphantimonide  of  the  alkah 
metal,  and  hkewise  a compound  of  the  alkali  and  oxide 
of  antimony,  which  are  dissolved  in  the  liquid,  and  also 
a portion  of  tersulphide.  These  are  reacted  upon  as 
under : — 

3 (K  S,  Sb  S3)  + K O + Sb  O3  + 4 H 0,  S O3  = 


brought  together,  and  a gentle  heat  applied  for  some 
time,  which  may  be  afterwards  increased,  and  the  solu- 
tion left  to  digest  as  long  as  any  effervescence  or 
escape  of  sulphide  of  hydrogen  is  observed ; and  then 
the  whole  is  to  be  boiled  for  an  hour,  the  hquor  filtered 
when  cold,  and  the  filtrate  received  in  a vessel  contain- 
ing one  gallon  of  cold  water,  which  precipitates  the 
basic  terchloride  of  antimony — 


Hyposulphantimonide.  Potassa,  Teroxide  of  antimony.  Sulphuric  acid. 

4 (K  0,  S O3) -t- 3 Sb  S3,  Sb  O3  HO-t-3HS. 

, ^ , , ' ' > 

Sulphate  of  potassa.  Golden  sulphide.  Sulphide  of  hydrogen. 

In  the  preceding  decomposition,  the  whole  of  the 
sulphide  of  potassium  and  potassa  which  retain  the 
‘ teroxide  and  tersulphide  of  antimony  in  solution,  are 
[ converted  into  a neutral  sulphate,  wi&  the  elimination 
i of  sulphide  of  hydrogen,  and  the  teroxide  and  tersul- 
phide in  conjunction  fall  down. 

Should  the  liquor,  before  the  addition  of  the  sul- 
phuric acid,  contain  a pentasidphide  of  the  metal,  arising 
from  the  absorption  of  oxygen  from  the  air,  it  will  be 
precipitated  in  that  state  by  acids,  and  hence  the  com- 
position of  the  golden  sulphide  is  often  variable. 

Teroxide  of  Antimony. — This  compound  was 
known  to  Basil  Valentine,  who  called  it  flores 
antimonii.  In  commerce  it  bears  the  several  appella- 
tions of  protoxide,  sesquioxide,  and  flowers  of  antimony. 
It  may  be  prepared  in  several  ways — first,  by  heating 
metallic  antimony  to  the  point  of  its  combustion;  it 
burns  'with  a bluish  light,  and  if  the  crucible  be  reclined 
on  one  side,  to  admit  a current  of  air,  small  acicular 
crystals  of  teroxide  will  be  observed  on  the  upper  part; 
secondly, — by  adding  metallic  antimony  in  powder  to 
sulphuric  acid,  evaporating  the  liquid  to  dryness,  and 
then  washing  the  diy  mass,  first  with  water;  and  next 
with  a weak  solution  of  carbonate  of  soda,  for  the  pur- 
I pose  of  removing  the  last  portions  of  sulphuric  acid; 
after  completely  washing  the  residue,  a white  powder 
remains,  which  is  teroxide  of  antimony;  thirdly, — ^by 
digesting  finely-ground  sulphide  of  antimony  in  about 
four  times  its  weight  of  hydrochloric  acid,  terchloride 
of  antimony  is  formed  and  sulphide  of  hydrogen  escapes 
\vith  effervescence,  the  former  of  which  is  decomposed 
by  carbonate  of  soda  into  teroxide  of  antimony,  which 
precipitates,  while  carbonic  acid  is  liberated,  and  the  soda 
is  converted  into  chloride  of  sodium  by  the  chlorine  of 
the  antimonial  compoimd. 

Subjoined  is  the  symbolical  arrangement  of  these 
decompositions : — 


Sb  S3  -f  3 H Cl  = Sb  CI3  -f  3 H S 

Tersulphide  of  Hydrochloric  Terchloride  of  Sulphide  of 
antimony  acid.  antimony.  hydrogen 

Sb  CI3  -h  3 Na  0,  C O2  = Sb  O3  -f  3 Na  Cl  -f  3 C O2 


Terchloride  of 
antimony. 


Carbonate  of 
soda. 


Teroxide  of 
antimony. 


Chloride  of 
sodium. 


Carbonic 

acid. 


The  precipitated  teroxide  is  collected  upon  a filter, 
washed  well  with  water,  and  dried.  For  pharmaceuti- 
cal purposes,  the  Dublin  college  recommends  the  treat- 
ment of  twenty  parts  of  the  powdered  sulphide  of  anti- 
mony with  one  hundred  parts  of  hydrochloric  acid  and 
one  of  nitric  acid;  the  acid  and  powder  must  be  slowly 


6 Sb  CI3  -f  15  H 0 = (Sb  CI3, 5 Sb  O3)  -f  15  H Cl 

Terchloride  of  Water  Oxychloride  of  Hydrochloric 

antimony.  ’ antimony.  acid. 

The  oxychloride  is  collected,  and  washed  with  water 
till  the  washings  cease  to  evince  an  acid  reaction  with 
litmus  paper.  During  the  washing  of  the  precipitate 
the  following  change  occurs : — 

(SbCls,  5 Sb03)  -1-  3 H 0 = G Sb  O3  -1-  3 H Cl 

Oxychloride  of  , Teroxide  of  Hydrochlori' 

antimony.  * ‘ antimony.  acid. 

showing  that  the  water  is  decomposed,  its  oxygen  being 
retained  by  the  antimony,  which  yields  the  chlorine 
combined  with  it  to  the  hydrogen,  forming  hydrochloric 
acid. 

Dumas  directs  the  preparation  of  teroxide  of  anti- 
mony to  be  conducted  as  follows: — Heat  pulverized 
antimony  in  a shallow  vessel  exposed  to  the  air ; when 
the  oxidation  has  advanced,  the  metal  takes  fire  and 
becomes  incandescent,  antimonious  acid — mixed,  how- 
ever, with  some  of  the  metal — being  produced;  the 
whole  of  the  compound  is  now  transferred  to  a crucible, 
in  which  it  is  heated  to  fusion,  when  the  antimonious 
acid  is  reduced  to  the  state  of  teroxide  by  the  excess  of 
metal,  which  is  found,  with  the  fused  mass,  in  a button 
at  the  bottom. 

Teroxide  of  antimony  is  a white  powder,  fusible,  and 
volatile  at  a red  heat;  when  heated  in  close  vessels  it 
suffers  no  change,  but  is  partly  sublimed,  and  condenses 
in  acicular  crystals  on  the  cover,  or  upper  part  of  the 
pot.  Sometimes,  however,  the  crystals  are  found  in 
octahedrons. 

If  the  teroxide  be  kept  in  fusion,  with  contact  of  air, 
it  is  converted  into  a higher  state  of  oxidation;  but  if 
the  air  be  excluded,  it  concretes  into  a sUky  crystalline 
mass,  presenting  a greyish  appearance. 

Water  dissolves  traces  of  teroxide  of  antimony,  as 
proved  by  the  solution  assuming  a yellow  color  when 
treated  with  sulphide  of  hydrogen.  If  heat  be  applied 
to  this  liquid,  and  a slight  addition  of  hydrochloric  acid 
be  made,  the  orange-red  sulphide  of  antimony  falls 
down.  Nitric  acid  and  chlorate  of  potassa  rapidly  con- 
vert the  teroxide  into  a higher  degree  of  oxidation; 
sulphur  decomposes  it  in  the  heat  into  a sulphide,  with 
the  formation  of  water;  and  when  heated  to  redness 
with  charcoal,  metallic  antimony  is  obtained.  Tar- 
taric acid  readily  dissolves  the  oxide ; hitartrate  of  potassa 
acts  similarly,  producing  in  either  case  tartar  emetic. 
On  boiling  recently  precipitated  teroxide  of  antimony 
with  a concentrated  solution  of  potassa,  a compoimd 
body  of  both  oxides  is  formed,  which  falls  down  in  the 
form  of  a greyish  powder,  or  white  crystalline  grains, 
difficultly  soluble.  With  soda  and  ammonia  similar 
bodies  are  produced. 
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Ccntesimally. 
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Theory. 

Berzelius. 

1 Eq.  of  antimony,. 
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Terchloeide  of  Antimony — Butter  of  Anti- 
mony— is  used  to  some  extent  in  medicine,  chiefly  as 
a caustic,  and  as  such  takes  its  place  among  the  anti- 
monial  preparations.  It  is  the  principal  ingredient  in 
some  patent  medicines  lately  offered  to  the  public, 
which  are  said  to  he  next  in  efflcacy  to  the  elixir  vitce. 
It  will  be  necessary,  therefore,  to  give  here  a short  de- 
scription of  its  preparation  and  properties. 

On  dissolving  sulphide  of  antimony  in  hydi'ochloric 
acid,  as  before  explained,  terchloride  of  antimony  is 
formed,  with  the  evolution  of  siflphide  of  hydrogen. 
The  action  of  the  hydrochloric  is  greatly  accelerated 
by  mixing  with  it  a small  proportion  of  nitric  acid. 
When  the  solution  thus  obtained  is  evaporated,  the 
butter  of  antimony  remains  in  the  solid  state.  To  pre- 
pare the  pure  salt,  Berzelius  recommends  that  the 
hydrochloric  acid  solution  of  the  terchloride  should  be 
evaporated  in  a porcelain  dish,  till  it  begins  to  crys- 
tallize on  the  dish  being  placed  in  a cold  situation; 
the  concentrated  liquid  is  then  transferred  to  a retort, 
and  distilled  until  a drop  of  the  liquid  solidifies  upon  a 
cold  surface ; at  this  point  the  receiver  is  changed,  and 
the  remaining  portion  of  the  charge  collected  as  pure. 

It  is  white,  semitransparent,  crystalline,  of  a buttery 
consistence,  and  deliquescent  in  the  air;  heated  to 
about  162°  Fahr.  it  flows  like  oil,  and  boils  at  446°. 

When  added  to  water  it  gives  a bulky  white  preci- 
pitate of  oxychloride  of  antimony — Sb  CI3  -[-  5 Sb  O3 — 
while  the  supernatant  liquor  is  charged  with  hydro- 
chloric acid:  tartaric  acid  dissolves  the  oxychloride; 
hence,  if  that  acid  be  present  previous  to  tlie  addition 
of  water,  no  precipitate  is  produced. 

Terchloride  of  antimony  afibrds,  with  aU  the  other 
reagents,  similar  reactions  to  those  which  distinguish 
the  other  salts  of  this  metal. 

Its  composition  is— 

Centesimully. 

Atomic  weight.  Theory.  Ros€. 

1 Eq.  of  antimony, 129  . . 54-83  . . 53-27 

3 Eq.  of  cUorine, 106-5  ..  45-17  ..  46-73 

1 Eq.  of  terchloride  of  antimony,  235-5  100-00  100-00 

Besides  being  used  as  a caustic,  it  is  employed  in  the 
arts,  especially  by  gunmakers,  for  the  purpose  of  giving 
a yellow  color  to  gun  barrels,  and  is  called  bronzing 
salt.  It  is  used  for  this  purpose  in  the  state  of  solution, 
mixed  with  olive  oil,  and  rubbed  over  the  iron  slightly 
heated,  which  is  then  exposed  to  the  air  till  the  desired 
color  is  obtained.  Sometimes,  to  quicken  the  effect, 
nitric  acid  is  added.  When  bronzed,  the  surface  of 
the  iron  is  polished  by  a burnisher,  or  by  wax,  or  by 
varnish  composed  of  two  ounces  of  shell-lac  and  three 
drachms  of  dragon’s-blood  dissolved  in  two  quarts  of 
spirit  of  wine.  The  bronze  color  is  due  to  sesquioxide 
of  iron,  and  hence  other  metals  often  containing  copper 
are  employed. 

Quantitative  Estimation  of  Antimony  by 
Analysis. — As  those  engaged  in  docimacy  shoifld  be 
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able  to  judge  of  the  quality  and  nature  of  all  sub- 
stances appertaining  to  metallurgy,  at  least  of  those 
compounds  with  which  they  are  immediately  engaged, 
the  mode  of  analysis  and  assay  of  the  metals  and  their 
principal  ores,  will  be  given  as  they  come  under  con- 
sideration. 

The  per  centage  of  antimony  in  a mineral  may  be 
estimated  from  the  amount  of  the  sulphide  of  anti- 
mony, the  antimonious  acid,  or  of  the  pure  metal,  which 
it  produces  when  operated  upon  with  appropriate  re- 
agents. A solution  of  the  metal  is  obtained  by  treat- 
ing ^he  ore  with  strong  hydrochloric  acid,  containing 
some  nitric  acid — in  case  of  the  absence  of  silver — 
and  diluted  with  water ; should  any  turhidness  ensue, 
tartaric  acid  must  be  added  to  dissolve  it,  or,  if  the 
addition  of  this  acid  would  interfere  with  the  estimation 
of  any  other  metal,  hydrochloric  acid  is  employed  to 
effect  the  same  purpose.  Sulphide  of  hydrogen  is  next 
transmitted  through  the  liquid,  until  the  solution  ac- 
quires the  strong  odor  of  the  gas ; if  antimony  is  the 
only  metal  present,  the  beaker  or  flask  holding  the 
precipitate  may  be  placed  on  a hot  sand-bath  till  the 
excess  of  sulphide  of  hydi-ogen  is  expelled. 

By  this  means  the  small  quantity  of  sulphide  of  anti- 
mony retained  in  solution  by  the  excess  of  the  gas  is 
set  at  hberty.  The  menstruum  is  then  filtered  through 
a dried  and  tared  filter,  washed  with  water,  desiccated 
at  212°  tUl  the  weight  remains  constant,  then  weighed. 
As  the  antimony  in  solution  is  often  in  a higher  state 
of  oxidation  than  the  teroxide,  especially  if  nitric  acid 
has  been  employed,  and  as  more  or  less  of  the  sulphide 
of  hydrogen  is  decomposed  by  the  free  acid  of  the  solu- 
tion before  precipitation,  the  sulphide  of  antimony  pro  - 
duced contains  an  excess  of  sulphur,  so  that  from  its 
weight  the  true  quantity  of  metal  cannot  be  deduced. 
In  this  case  the  dry  compound  is  detached  as  much  as 
possible  from  the  filtiT,  and  the  latter  reweighed  with 
any  adhering  portion, ; the  difference  of  weight  equals 
the  quantity  of  sulphide  taken.  This  sulphide  is  intro- 
duced into  a flask,  and  strong  nitric  acid,  in  successive 
small  portions,  added  to  prevent  any  loss  of  the  sub- 
stance by  the  too  energetic  operation  of  the  acid.  After 
the  action  has  ceased,  hydrochloric  acid  is  added  to 
dissolve  the  whole  of  the  antimonious  acid,  formed  by 
the  action  of  the  nitric  acid  upon  it. 

If  dilute  nitric  acid  had  been  taken  in  the  first  in- 
stance, there  would  be  a certain  quantity  of  sulphide 
of  hydrogen  formed,  and  which,  by  its  escape,  would 
cause  an  error  in  the  result.  After  the  whole  of  the 
sulphide  has  been  oxidized  into  sulphuric  acid  and  anti- 
monious acid,  and  any  portions  of  the  latter  which 
might  have  precipitated,  redissolved  by  tartaric  or 
hydrochloric  acid,  a solution  of  chloride  of  harium  in 
excess  is  poured  into  the  liquid;  this  occasions  a deposit 
of  sulphate  of  baryta,  which,  after  being  filtered,  is  dried, 
ignited,  and  weighed.  From  the  amount  of  sulphate 
of  haryta,  that  of  the  sulphur  in  the  sulphide  of  anti- 
mony operated  upon  is  calculated,  and  by  deducting 
this  fi-om  the  weight  of  the  sulphide  of  antimony,  the 
weight  of  the  metal  is  indirectly  obtained. 

In  case  too  much  tartaric  acid  had  been  used,  before 
precipitating  the  sulphuric  acid  by  the  chloride  of 
barium,  some  tartrate  of  baryta  is  likewise  thrown 
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down,  and  cannot  be  removed  by  washing.  To  ascer- 
tain, therefore,  the  real  weight  of  the  sulphate  of  baryta, 
the  precipitate  of  mixed  sulphate  and  tartrate,  after 
being  heated  to  redness  and  weighed,  is  treated  in  the 
crucible,  or  a small  beaker,  with  a few  drops  of  strong 
nitric  acid,  heated,  and  filtered,  the  residue  washed 
weU  with  hot  water,  diled,  and  reweighed.  If  the 
weight  of  sulphate,  as  now  ascertained,  corresponds 
with  that  which  was  previously  found,  no  tartrate  of 
baryta  was  present,  but,  should  a difference  be  found, 
it  arises  from  the  tartrate  of  baryta  which  was  deposited 
in  conjunction  with  the  sulphate,  but  which  was  de- 
composed during  the  ignition,  leaving  carbonate  of 
baryta,  a salt  easUy  soluble  in  hydrochloric  or  nitric 
acid.  The  latter  weighing  gives  the  true  amount  of 
sulphate  of  baryta. 

That  the  calculation  of  the  analysis  may  be  better 
understood,  the  following  is  an  example : — K the  weight 
of  ore  taken  furnished  a precipitate  of  mixed  sulphides 
of  antimony  weighing  thirty  grains,  twenty  of  which, 
when  treated  with  nitric  acid  in  the  manner  already 
described,  yielded,  on  being  precipitated  with  chloride  of 
barium,  a quantity  of  pure  sulphate  of  baryta,  the  weight 
of  which  may  be  supposed  to  be  forty  grains — since,  in 
round  numbers,  one  hundi'ed  and  seventeen  grains  of 
the  baryta  salt  contain  sixteen  of  sulphur,  it  follows,  that 
forty  grains  will  afford  5'55  grains  of  this  element,  which 
were  derived  from  the  sulphide  of  antimony;  hence,  it 
appears  that  the  twenty  grains  submitted  to  analysis 
consist  of  5'55  of  sulphur,  and  14-45  grains  of  metal, 
and  for  the  same  reason  the  weight  of  sulphide  pro- 
duced by  the  mineral  in  the  first  case,  contained  21-68 
grains  of  metal,  and  8-32  of  sulphur. 

If  the  antimony  be  determined  in  the  metallic  state, 
the  subjoined  process  is  to  be  adopted : — Ha-ving  ascer- 
tained the  weight  of  the  dry  sulphide,  produced  by 
treating  the  mineral  or  compound  with  acids  and  pre- 
cipitating by  sulphide  of  hydrogen,  in  the  way  already 
pointed  out,  a known  quantity  is  to  be  taken  and  intro- 
duced into  a porcelain  crucible,  furnished  with  a lid, 
adapted  to  receive  a porcelain  tube,  the  other  end  of 
which  is  connected  with  an  apparatus  for  generating 
hydrogen.  When  the  whole  apparatus  has  been  filled 
with  this  gas,  if  the  crucible  be  slightly  heated,  the 
hydrogen  in  contact  with  the  sulphide  unites  with  the 
sulphur,  forming  sulphide  of  hydrogen,  and  metallic 
antimony  is  left.  A more  convenient  ajiparatus  for 
this  pui-pose  is  seen  in  Fig.  127  annexed.  The  flask,  a. 


contains  water  and  a few  bars  of  zinc ; sulphuric  acid  is 
poured  in  through  the  funnel,  h,  in  order  to  generate 
the  gas,  which  escapes  by  a tube  opening  just  below 


the  cork  of  the  flask,  and  which  is  provided  with  two 
bulbs,  c c,  where  the  greater  part  of  the  moisture 
carried  away  by  the  gas  is  condensed.  To  dry  the 
hydrogen  completely,  it  is  conducted  through  another 
large  tube,  d,  filled  with  fragments  of  chloride  of  cal- 
cium, and  thence  into  the  hulb,  e,  holding  the  substance 
to  be  reduced.  AU  the  bulbs  and  tubes  should  be  of 
hard  German  glass.  Before  commencing  the  experi- 
ment, the  bulb,  e,  with  its  glass  tubes  attached,  should 
be  thoroughly  cleaned,  dried,  and  weighed,  and  the  sul- 
phide of  antimony  then  introduced,  taking  the  precau- 
tion that  none  of  the  substance  remains  in  the  tubes ; if 
it  should  happen  that  a little  adheres,  a feather  will  push 
it  forward  to  the  bulb.  The  bulbed  tube  and  its  con- 
tents are  now  reweighed,  and  the  increase  of  weight  is 
the  quantity  of  the  compound  submitted  to  experiment. 
The  various  parts  of  the  apparatus  are  next  weU  con- 
nected by  means  of  caoutchouc  tubes,  as  seen  in  the 
figure,  and  the  hydrogen  generated;  as  soon  as  the 
apparatus  is  fiUed  with  the  gas,  a gentle  heat  is  applied 
by  means  of  a spirit-lamp,  g,  to  the  bulb  containing 
the  substance,  till  the  reduction  is  completed.  If  the 
compound  consists  of  tersulphide  of  antimony,  scarcely 
any  sulphm-  is  sublimed  during  the  reduction,  as  it 
passes  off  in  the  form  of  sulphide  of  hydrogen;  but 
should  the  higher  sulphurized  compounds’  of  anti- 
mony he  present,  sulphur  wiU  he  sublimed  at  the  same 
time  that  the  remaining  part  unites  with  the  hydro- 
gen and  escapes.  The  sublimed  sulphur  is  expelled  by 
bringing  the  heat  of  the  lamp  gradually  towards  that 
part  of  the  tube  where  it  is  deposited.  When  it  is 
observed  that  no  more  sidphur  condenses  in  the  tube, 
and  that  sulphide  of  hydrogen  ceases  to  be  evolved 
from  the  extremity,  the  apparatus  is  allowed  to  cool, 
but  the  current  of  hydrogen  is  still  maintained.  As 
soon  as  the  apparatus  is  perfectly  cold,  it  is  taken  to 
pieces,  the  bulb-tube,  e,  wiped  clean  and  weighed ; the 
difference  between  the  weight  of  the  hulb-tube  and  sub- 
stance before  the  experiment,  and  that  which  is  now 
obtained,  is  the  amount  of  sulphm-  in  the  sulphide  sub- 
mitted to  reduction,  and  the  difference  between  the 
weight  of  the  empty  tube,  and  its  weight  after  the  re- 
duction, is  the  weight  of  the  metal  yielded  by  the  sam- 
ple operated  upon ; hence,  as  in  the  case  of  the  sulphate 
of  baryta,  the  per  centage  of  antimony  in  the  sample  is 
calculated  from  this  determination.  Considerable  care 
must  be  exercised  in  the  reduction  of  the  sulphide  of 
antimony  by  hydrogen  gas,  in  order  to  arrive  at  accu- 
rate results ; indeed,  it  is  almost  impossible  to  prevent 
the  subhmation  of  a small  portion  of  metallic  antimony, 
if  the  heat  applied  be  at  all  higher  than  the  required 
degree ; and  on  the  contrary,  if  it  be  too  feebly  applied, 
j part  of  the  sulphur  remains  without  being  expelled,  and 
! for  this  reason  the  weight  of  antimony  obtained  is  too 
I great. 

I Another  source  of  error  is,  that  the  hydrogen  carries 
I portions  of  the  metal  with  it  in  combination,  in  the 
form  of  terhydride  of  antimony,  which  may  be  proved 
by  igniting  the  gas  as  it  is  discharged  from  the  end  of 
tire  tube,  when  very  slight  but  perceptible  fumes  of 
teroxide  of  antimony  will  be  observed;  and  if  a cold 
porcelain  surface  be  held  over  the  flame,  the  metal  will 
deposit  upon  it  in  the  form  of  a black  spot.  Hence,  in 
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most  analyses,  the  operator  invariably  finds  a little  less 
of  metal  and  more  sulphur  than  the  compound  really 
contains,  as  the  sulphur  is  calculated  from  the  loss 
which  the  body  suffers  during  heating.  When  a strictly 
accurate  determination  is  not  so  much  sought,  with 
ordinary  care  the  method  here  laid  down  answers  the 
purpose.  If  the  heat  be  applied  slowly  at  first,  and 
then  kept  incipient  till  the  greater  part  of  the  sulphur 
is  expelled,  raising  it  after  that  time  till  the  bulb  be- 
comes slightly  red,  the  loss  of  antimony  wiU  not  exceed 
half  a per  cent.  The  reduced  metal  does  not  fuse  into 
a globule,  but  remains  in  the  form  of  small  metallic 
grains;  and  if  the  heat  applied  during  the  time  the 
hydrogen  is  forced  through  the  apparatus  be  slow  and 
continuous,  the  reduced  metal  presents  crystalline  facets, 
the  lustre  of  which  causes  the  antimony  to  appear 
blacker  than  when  it  is  reduced  under  the  influence  of 
a stronger  heat. 

When  antimony  is  alloyed  with  other  metals,  or 
associated  with  them  in  mineral  substances,  its  amount 
may  be  determined — except  when  united  to  tin — by  dis- 
solving the  substance  in  nitric  acid,  or  in  aqua  regia  con- 
taining an  excess  of  nitric  acid ; the  antimony  by  this 
treatment  is  converted  into  teroxide  of  antimony,  which 
precipitates,  while  the  other  oxides  are  dissolved  in  the 
hquid.  Before  the  whole  of  the  antimony  is  thrown 
down,  however,  it  is  necessary  to  decompose  any  ter- 
chloride  that  may  be  formed — when  aqua  regia  has 
been  used  as  the  solvent — by  evaporating  the  liquid 
with  an  excess  of  nitric  acid.  The  residue  is  then 
thrown  upon  a filter  and  washed  with  water,  dried,  and 
its  weight  determined,  after  which  a portion  is  taken, 
and  reduced  by  hydrogen  in  the  way  aheady  described. 

This  method  does  not  yield  strictly  accurate  results, 
on  account  of  the  precipitated  teroxide  of  antimony  not 
being  perfectly  insoluble  in  nitric  acid,  and,  therefore, 
the  filtrate  and  washings  always  contain  some  traces  of 
antimony ; yet,  for  technological  purposes,  the  results 
obtained  are  sufficiently  correct. 

In  scientific  investigations,  the  solution  of  the  metals 
should  be  treated  with  ammonia  in  slight  excess,  then 
with  a strong  solution  of  sulphide  of  ammonium,  con- 
taining an  excess  of  sulphur,  which  dissolves  the  anti- 
monial  body,  leaving  the  sulphides  of  the  accompanying 
metals.  By  filtering  off  the  solution,  and  washing  the 
residue,  first  v?ith  dilute  sulphide  of  ammonium,  and 
then  with  water,  the  whole  of  the  antimony  is  removed; 
the  washings  and  filtrate  are  now  mixed,  hydrochloric 
acid  added  in  slight  excess,  and  a gentle  heat  apphed 
as  long  as  sulphide  of  hydrogen  is  evolved,  by  which 
the  siflphide  of  antimony  is  thrown  down ; it  is  to  be 
collected  on  a dry  tared  filter,  washed  with  a little 
sulphide  of  hydrogen  water,  dried  at  212°  till  the  weight 
remains  constant,  and  then  reduced  in  the  way  aheady 
explained.  Antimony  is  removed  by  this  process  from 
lead,  silver,  mercurj’-,  bismuth,  copper,  hon,  nickel, 
cobalt,  and  manganese. 

If  antimony  has  to  be  separated  from  tin,  Ros£  re- 
commends the  appended  process : — When  both  metals 
are  alloyed,  he  treats  the  mass  cautiously  with  nitric 
acid,  and  after  the  violent  oxidation  has  terminated,  eva- 
porates the  liquid  at  a gentle  heat.  When  perfectly 
dry,  the  mixed  oxides  thus  obtained  are  to  be  fused  in 


a silver  crucible,  over  an  Argand  lamp,  with  an  excess 
of  hydrate  of  soda;  the  fused  substance  is  to  be  softened 
with  a large  quantity  of  water,  gently  warmed,  and  the 
antimoniate  of  soda  allowed  to  subside.  After  the 
liquor  becomes  perfectly  cold,  the  clear  solution  is  filtered 
off,  and  tlie  precipitate  retained  stiU  in  the  beaker  is 
treated  a second  time  with  water,  which  is  filtered  from 
it  as  before. 

In  this  way  the  whole  of  the  stannate  of  soda  is 
removed,  and  antimoniate  of  soda  left.  As  soon  as 
the  liquid  remains  opaque,  it  is  a sign  that  the  whole 
of  the  tin  salt  is  dissolved.  If  the  opaque  liquid 
containing  the  antimoniate  of  soda  were  thrown  upon 
the  filter,  it  would  pass  through  owing  to  its  very 
minute  state  of  division,  but  upon  the  addition  of  a 
small  quantity  of  a dilute  solution  of  carbonate  of  am- 
monia, the  liquor  quickly  clarifies,  and  may  be  passed 
through  without  fear  of  the  filtrate  appearing  turbid ; 
the  edulcoration  should  not  be  continued  too  long  with 
the  carbonate  of  ammonia,  as  small  quantities  of  tlie 
teroxide  are  dissolved  by  this  reagent. 

The  moist  antimoniate  is  now  treated  in  a beaker 
glass,  with  a mixture  of  tartaric  and  hydrochloric  acids, 
which  readily  dissolves  it ; the  solution  is  next  filtered, 
and  the  paper  washed  with  a dilute  solution  of  the  acids, 
in  order  to  remove  any  traces  of  the  substance  that  may 
have  remained  adhering  to  the  paper.  Sulphide  of 
hydrogen  gas  is  then  passed  into  the  liquid,  imtil  the 
whole  of  the  antimony  is  converted  into  orange-red 
sulphide,  and  the  hquor  evolves  a strong  odor  of  the 
gas;  the  beaker  is  then  covered,  and  left  in  a moderately 
warm  place  on  the  sand-bath  tiU  the  free  sulphide  of 
hydrogen  is  expelled,  after  which  the  precipitate  is  col- 
lected upon  a dry  tared  filter,  exsiccated  and  weighed, 
and  the  proportion  of  sulphur  and  metal  ascertained  by 
either  of  the  foregoing  methods. 

Ros^  reduces  the  sulphide  of  antimony  in  an  appara- 
tus such  as  the  annexed — Fig.  128 : a is  a bottle,  contain- 


ing zinc  and  water ; b,  a funnel-tube  descending  through 
the  cork  nearly  to  the  bottom  of  the  bottle ; c,  a second 
bent  tube  entering  the  bottle  through  the  perforated 
cork,  below  which  it  opens ; this  tube  carries  the  gas  to 
the  chloride  of  calcium  tube  and  biflb,  d,  where  it  is 
divested  of  moisture.  The  tube,  e,  passing  through  the 
cork  of  the  chloride  of  calcium  tube,  conveys  the  dry 
gas  to  the  crucible,  g,  containing  the  body  to  be  re- 
duced. A hd  is  afifixed  to  this  crucible,  through  which 
a small  porcelain  tube,  h,  passes,  and  which  is  con- 
nected to  the  pipe,  e,  by  a piece  of  caoutchouc  tubing. 
Before  the  experiment  commences,  the  crucible  with 
the  hd  and  its  tube  is  balanced,  and  then  the  sub- 
stance introduced,  and  the  whole  reweighed ; the  dif- 
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ference  in  the  two  weighings  is  that  of  the  body  taken. 
All  the  connections  of  the  apparatus  are  now  made  air- 
tight, and  the  crucible  attached ; hydrogen  is  generated 
in  the  bottle,  a,  by  pouring  sulphuric  acid  down  the 
funnel  tube,  b,  and  when  the  whole  apparatus  becomes 
filled  with  the  gas,  heat  is  applied  by  means  of  a spirit- 
lamp,  I,  to  the  crucible,  talcing  aU  the  precautions 
previously  mentioned.  When  it  is  observed  that  no 
more  sulphide  of  hydrogen  is  evolved  from  the  end  of 
the  tube,  the  heat  is  removed,  but  the  current  of 
hydrogen  is  maintained  during  the  cooling  of  the 
apparatus,  after  which  it  is  taken  asunder,  and  the 
crucible  with  its  contents  weighed.  The  calculations 
are  the  same  as  those  mentioned  in  the  preceding 
experiment. 

Arsenic  is  a metal  which  is  associated  with  anti- 
mony in  several  ores.  The  annexed  method  serves  for 
their  separation : — Having  dissolved  the  ore  or  alloy  in 
aqua  regia,  sulphides  of  antimony  and  arsenic  are  to  be 
obtained  by  saturating  the  solution  with  ammonia,  and 
then  adding  sulphide  of  ammonium  containing  an  excess 
of  sulphur ; the  menstruum  is  allowed  to  digest  for  some 
time,  then  filtered,  and  hydrochloric  acid  added  to  the 
filtrate  in  slight  excess,  to  precipitate  the  dissolved  sul- 
phides. The  precipitate  is  collected  upon  a diy  tared 
filter,  washed  with  water  impregnated  with  a little  sul- 
phide of  hydrogen,  and  dried  in  the  water-bath  till  all 
moisture  is  expelled,  after  which  it  is  weighed.  Having 
found  the  weight  of  the  mixed  sulphides,  a portion  is 
taken,  and  the  amount  of  sulphur  in  it  ascertained  by 
treating  a known  quantity  with  aqua  regia,  till  aU  the 
sulphur  is  oxidized,  and  then  with  cliloride  of  barium, 
tartaric  acid  being  previously  added  to  prevent  the 
precipitation  of  any  basic  terchloride  upon  diluting  with 
water.  The  precipitated  sulphate  of  baryta  is  treated 
as  before  directed. 

Another  portion  of  the  mixed  sulphides  is  introduced 
into  the  bulb  tube — Fig.  127 — and  a stream  of  hydrogen 
gas  passed  over  it,  while  a proper  heat  is  applied  by 
the  lamp ; aU  the  sulphide  of  arsenic,  with  the  excess 
of  sulphur,  is  expelled,  leaving  sulphide  of  antimony, 
which  is  to  be  weighed. — Noad. 

This  method,  according  to  Ros:6,  gives  very  accurate 
results  when  performed  with  ordinary  care.  From  the 
loss  sustained  by  the  weight  of  sulphide  taken  in  the 
last  experiment,  and  which  is  sulphur  and  arsenic,  the 
proportion  of  sulphide  of  antimony  is  known ; and  since 
the  amount  of  sulphur  in  the  entire  substance  has  been 
already  ascertained,  by  deducting  it  from  the  combined 
weight  of  the  sidphur  and  arsenic,  as  before  ascertained, 
the  difference  is  the  arsenic. 

Dry  Assay  of  Antimonial  Ores. — AU  the  ores 
of  antimony,  for  the  ptu-pose  of  assay,  may  be  divided 
into  two  classes — those  in  which  the  metal  is  com- 
bined with  oxygen  or  chlorine,  and  in  which  little  or  no 
sulphur  is  present;  and  those  compounds  ot  sulphur 
and  the  metal,  which  include  all  those  other  minerals 
compounded  of  antimony,  and  other  metals  united  with 
sulphur. 

All  the  ores  belonging  to  the  first  class  are  very  easily 
reduced — provided  no  earthy  or  sUicious  matters  are 
present — by  simply  heating  them  to  redness  with  finely 
divided  charcoal,  and  the  assay  may  be  conducted  in 


an  earthen  crucible ; but  as  antimony  is  so  readily 
volatilized,  care  must  be  taken  that  the  heat  is  not  too 
high  during  the  reduction.  If  the  ore  contain  calcareous 
or  siUcious  impurities,  it  is  necessary  to  mix  it  either 
with  three  parts  of  black  flux,  or  one  of  carbonate  of 
soda,  and  one-fourth  part  of  charcoal  finely  ground. 
In  this  case  the  lining  of  the  crucible  with  charcoal 
powder  may  be  dispensed  with,  as  it  may  be  introduced 
at  once  into  the  fire,  and  left  there  tUl  the  content  is 
in  a tranquU  state  of  fusion ; it  is  then  to  be  withdrawn, 
and  gently  tapped  against  some  hard  substance  while 
hot,  to  cause  the  small  globules  of  antimony  to  unite 
and  form  one  button  at  the  bottom. 

The  crucible  is  broken  as  soon  as  it  gets  cold,  and 
the  metallic  button  at  the  bottom  carefully  freed  from 
adhering  matter,  by  gently  tapping  it  with  the  hammer, 
brushing  off  dust,  or  other  adhering  matter,  and  weighed. 
Unless  great  delicacy  of  manipulation  be  observed  when 
detaching  the  slag,  portions  of  the  metal  will  be  removed 
on  account  of  the  brittleness  of  the  antimony  rendering 
it  liable  to  the  detachment  of  small  particles,  which,  of 
course,  would  be  so  much  loss.  Substances,  principally 
consisting  of  teroxide  of  antimony,  but  which  contain 
small  quantities  of  sulphur,  may  be  analysed  by  the 
foregoing  method;  for  as  the  sulphide  yields  to  the 
black  flux  just  half  its  combined  antimony,  a very 
small  portion  only  can  be  retained  in  the  slag.  When 
oxide  of  iron  is  present  in  abundance,  this  metal  is 
hberated  simultaneously  with  the  antimony,  and  both 
uniting,  form  an  alloy,  which,  if  weighed  as  being  en- 
tirely antimony,  will  afford  wrong  results. 

Ores  of  the  second  class  offer  more  difficulties  than 
those  just  described.  Their  assay  may  be  performed 
either  by  first  roasting  the  sulphide,  and  subsequently 
fusing  the  oxide  produced  with  black  flux,  or  by  directly 
treating  the  mineral,  reduced  to  an  impalpable  powder, 
with  flnely  divided  metallic  iron  or  iron  scales,  and  a 
little  black  flux,  at  an  elevated  temperature. 

As  the  sulphide  of  antimony  is  very  fusible  and  vola- 
tile, it  requires  much  care  and  attention  to  roast  it 
thoroughly,  in  order  to  expel  tlie  sulphur,  and  form  the 
teroxide  of  the  metal ; to  be  successful,  the  temperature 
should  be  moderate,  and  the  mass  kept  stirred  with  an 
iron  rod  or  wire,  as  long  as  any  sulphurous  vapor  rises. 
When  these  cease  to  be  evolved,  the  residue  is  fused 
with  three  parts  of  black  flux  in  the  usual  way,  by 
which  a button  of  antimony  is  obtained. 

Sulphide  of  antimony  is  reduced  with  facility,  by 
fusing  it  with  minutely  divided  metallic  iron,  such  as 
filings,  et  cetera.  The  sulphide  of  iron  resulting  from 
the  decomposition,  has  a specific  gravity  closely  cor- 
responding with  that  of  metallic  antimony,  and  hence 
it  becomes  difficult  to  remove  the  metal,  unless  the  con- 
tents of  the  crucible  be  kept  fluid  for  a considerable 
time  at  a moderate  heat.  When  this  precaution  has 
been  taken,  two  distinct  masses  are  observed  on  break- 
ing the  crucible ; the  bottom  one,  which  is  antimony, 
being  of  a white  color,  and  crystallized  in  plates,  while 
the  other  has  a bronze  yeUow  tint,  and  is  composed  of 
sulphide  of  iron,  containing  a small  proportion  of  me- 
tallic antimony.  The  quantity  of  antimony  is  ascer- 
tained by  carefully  detaching  it  from  the  siflphide  of 
iron,  and  weighing. 
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Accurate  results  are  not,  however,  obtained  by  this 
method,  as  the  prolonged  heat,  however  carefully  at- 
tended to,  sublimes  some  of  the  metal.  In  reducing 
sulphide  of  antimony  by  metallic  iron,  it  is  necessary 
to  proportion  the  weight  of  iron  used  to  the  sulphur  in 
the  ore,  as,  from  the  great  tendency  of  the  antimony  to 
form  an  electro-negative  element,  it  would  unite  with 
the  excess  of  iron  and  form  an  antimonide  of  iron, 
which  would  render  the  remainder  impure ; it  is  like- 
wise necessary  to  have  the  iron  as  free  as  possible  from 
rast  or  sesquioxide,  in  order  that  it  may  effect  the 
decomposition  as  rapidly  as  possible,  for  then  the  less 
antimony  would  be  lost  by  sublimation.  Cast-iron 
cannot  be  used  to  decompose  sulphide  of  antimony,  as 
sulphur  has  but  very  little  effect  upon  it,  unless  at  a 
high  temperature,  and  then  the  slag  adheres  so  tena- 
ciously to  the  reduced  antimony,  that  it  cannot  be 
accurately  detached. 

Much  of  the  inconvenience  attending  the  reduction 
of  the  sulphide  of  antimony  by  means  of  iron,  may  be 
avoided  by  mixing  with  the  reducing  agent  a car- 
bonate of  soda,  which  lessens  the  density  of  the  slag 
and  increases  the  fusibility  of  the  mass.  To  gain  this 
point,  the  alkah  is  mixed  with  the  antimonial  body,  and 
the  mixture  subjected  to  heat  till  it  liquefies,  and  when 
this  happens,  the  proper  weight  of  iron  is  introduced ; 
metallic  antimony  readily  separates,  and  the  slag,  which 
is  now  a double  sulphide  of  iron  and  sodium,  is  as  fusi- 
ble as  was  the  double  sulphide  of  metal  and  antimony 
previous  to  decomposition ; such  a slag  affords  great 
facihty  for  the  metal  assuming  the  form  of  a globule  or 
button  at  the  bottom  of  the  crucible  or  cupel.  Similar 
changes  take  place  when  the  sulphide  of  antimony,  iron, 
and  carbonate  of  soda  are  mixed  at  once,  previous  to 
the  application  of  heat.  Although  the  carbonate  of 
soda  favors  the  decomposition  of  sulphide  of  antimony 
by  iron,  yet  great  care  must  be  taken  when  it  is  em- 
ployed, particularly  when  the  iron  is  used  only  in  pro- 
portion to  form  sulphide,  with  the  sulphide  in  combina- 
tion with  the  antimony,  as  it  produces  a slag  containing 
a large  quantity  of  antimony.  For  reducing  pure 
sulphide  of  antimony,  the  best  and  most  economical 
amount  is  from  forty-five  to  fifty  parts  of  the  alkaline 
carbonate,  with  forty-two  of  iron,  and  five  of  finely 
divided  charcoal  for  every  hundred  parts  of  the  ore. 
On  subjecting  this  mixture  to  heat  in  a crucible  fined 
with  charcoal,  it  readily  affords  from  sixty-five  to  sixty- 
seven  per  cent,  of  regulus  of  antimony.  Oxide  of  iron 
may  be  used  in  this  operation,  but  the  charcoal  must 
be  added  in  larger  proportions. 

When  iron  scales  are  used,  it  is  necessary  to  take 
forty  parts  to  every  hundred  of  the  ore,  and  this  mix- 
ture, on  being  fused  with  one  hundred  parts  of  carbonate 
of  soda  and  fifteen  of  charcoal,  affords  between  sixty- 
five  and  sixty-seven  per  cent,  of  metal. 

Cyanide  of  potassium  has  been  lately  introduced  into 
the  assaying  of  antimonial  sulphiddfe  with  decided  ad- 
vantages over  the  other  methods,  as  the  heat  required 
to  effect  the  reduction  is  much  lower,  and  the  opera- 
tion is  performed  quicker  than  by  any  of  the  foregoing 
processes. 

Mitchell  recommends  four  parts  of  the  cyanide  to 
a hundred  of  the  sulphide,  and  upon  gently  heating  the 


mixture  in  an  earthen  crucible  for  a short  time,  the 
metallic  antimony  is  obtained. 

The  dry  assay  of  antimonial  combinations  gives  only 
a wide  approximation  to  the  truth ; hence,  when  strict 
accuracy  is  required,  recourse  must  be  had  to  the  humid 
analysis.  j 

The  importation  of  antimony  ore  annually  averages 
about  one  thousand  tons,  which  is  chiefly  from  Borneo. 
The  price  varies,  according  to  its  richness  and  supply, 
from  £10  to  £14  per  ton,  and  that  of  metallic  antimony 
from  £38  to  £48  per  ton. 

ARSENIC. — Arsenic,  French;  arsenik,  German; 
arsenicum,  Latin. — The  word  arsenic  occurs  first  in 
the  writings  of  Dioscorides,  and  some  of  the  authors 
who  lived  about  the  commencement  of  the  Christian 
era.  In  those  works  the  word  denotes  a reddish-colored 
mineral,  composed  of  arsenic  and  sulphur,  used  medi- 
cinally by  the  ancients,  and  also  in  painting. 

This  substance  is  peculiar  to  the  mineral  kingdom. 
It  is  found  in  the  elementary  state,  and  in  combination 
with  oxygen,  sulphur,  and  other  bodies. 

The  distinct  metallic  characters  of  arsenic  were  dis- 
covered by  Brandt  in  1773,  who  gives  the  first  accu- 
rate process  for  procuring  it.  He  mixed  white  arsenic 
— arsenious  acid — with  potassa  and  chloride  of  ammo- 
nium, and  fused  the  mixture  in  a well-luted  crucible. 
Its  properties  were  further  investigated  by  Macquer, 
in  1746 ; by  Munnet,  in  1773 ; and  by  Bergmann,  in 
1777 ; but  the  latter  took  many  of  his  facts  from 
Brandt’s  paper. 

To  the  labors  of  these  philosophers,  and  likewise  to 
those  of  ScHEELE,  Science  and  art  are  indebted  for  al- 
most aU  that  is  known  of  the  properties  of  this  element. 

Its  general  chemical  relations  are  such  as  to  place  it 
rather  among  the  simple  acidifiable  bodies  than  among 
the  metals,  for  it  forms  no  salifiable  base  with  oxygen, 
but  constitutes  acids ; it  possesses,  however,  the  lustre 
and  opacity  of  a metal,  and  conducts  electricity. 

There  are  two  native  compounds  of  it  with  oxygen, 
namely,  arsenious  and  arsenic  acid,  the  latter  being 
found  with  bases,  forming  arseniates.  Orpiment  and 
realgar,  two  of  its  sulphides,  are  also  met  with  in  the 
mineral  kingdom.  Some  time  ago,  M.  Tripier  de- 
tected arsenic  in  the  mineral  waters  of  Meskoutine,  in 
Algiers,  and  Walchner  has  found  that  small  quantities 
of  arsenic  always  accompany  iron,  and  frequently  in- 
fluence its  quality.  It  is  often  formd  in  combination 
with  metallic  sulphides,  especially  with  the  sulphide  of 
iron,  constituting  arsenical  pyrites.  It  will  be  well  to 
append  the  principal  modifications  of  this  element: — 
Native  arsenic,  arsenious  acid,  arsenic  glance,  realgar, 
orpiment,  arsenical  pyrites,  bright  white  cobalt,  tin 
white  cobalt,  bismuth  cobalt  ore,  nickel  ochre,  poly- 
basite,  red  silver,  and  various  other  compounds;  as 
arsenic  acid  in  arseniate  of  copper,  of  which  several 
varieties  are  known ; in  euchroite,  kupferschaum,  erinite, 
scorodite,  and  in  various  other  combinations. 

The  metal  is  easily  prepared  in  the  laboratory,  by 
mixing  one  part  of  pure  arsenious  acid  with  three  of 
black  flux  in  a crucible,  on  which  another  of  a similar 
shape  is  inverted  as  a head,  and  applying  a moderate 
heat,  either  in  a furnace  or  over  a lamp.  By  keeping 
the  cover  as  cool  as  possible,  the  metal  will  be  found  in 


214  AKSENIC Aesenious  Acid. 


the  course  of  a short  time  subhmed,  and  adheiing  to 
the  interior  of  the  crucible,  in  the  shape  of  a glassy 
coating  of  a brilliant  metallic  appearance. 

Charcoal,  or  oil,  may  he  substituted  for  the  black 
flux  if  requisite,  and  similar  results  are  obtained  upon 
distilling  from  a retort  of  hard  glass. 

Arsenic  is  of  a bluish-white  color  and  crystalline 
textoe.  It  is  the  most  volatile  of  aU  the  metallic 
bodies,  and  is  so  brittle  that  it  may  be  easily  reduced  to 
a fine  powder  by  trituration  in  a mortar.  Kept  in  water, 
it  suffers  no  alteration ; but  when  exposed  to  the  air,  it 
soon  loses  its  lustre,  becomes  black,  and  falls  to  powder. 
It  volatilizes — seemingly  before  fusing — at  a tempera- 
ture of  about  360°  Fahr.  When  exposed  to  a moderate 
heat  in  contact  with  air,  it  sublimes  in  the  form  of  a 
white  powder,  and  at  the  same  time  emits  a most  char- 
acteristic alhaceous  odor.  If  the  heat  be  increased,  it 
burns  with  a pale  blue  flame — arsenic,  indeed,  is  one 
of  the  most  combustible  of  the  metals. 

The  substance  which  sublimes  was  formerly  called 
arsenic,  or  white  arsenic,  and  is  stUl  known  by  those 
names  in  the  commercial  world ; but  this  is  now  deno- 
minated arsenious  acid.  It  is  seldom  prepared  by  che- 
mists, because  it  exists  native,  and  is  often  procured  in 
great  abundance  during  the  extraction  of  the  metals 
from  their  ores. 

Orfila  states  that  metallic  arsenic,  when  swallowed, 
is  capable  of  acting  as  a powerftd  poison,  probably  by 
being  oxidised  into  arsenious  acid. 

The  specific  gravity  of  arsenic  is  5'96,  and  of  its 
vapor,  1-0362,  air  being  unity. 

Heated  in  an  atmosphere  of  oxygen  gas,  arsenic 
bums  with  a bluish  flame ; with  chlorine  it  ignites 
spontaneously,  producing  a brilliant  white  flame,  and 
arsenious  acid.  It  is  soluble  in  nitric  acid  and  in  aqua 
regia,  and  is  converted  by  this  treatment  into  arsenious 
or  arsenic  acid,  according  to  the  more  or  less  prolonged 
action  of  the  solvents.  It  enters  into  fusion  with  most 
of  the  metals,  and,  by  this  union,  renders  those  which 
were  malleable,  more  brittle,  and  those  before  difficultly 
fusible,  more  easily  melted ; it  also  confers  a brightness 
upon  the  alloy,  which  often  renders  its  presence  in 
small  quantities  desirable. 

The  metal  is  prepared  on  the  large  scale  by  subject- 
ing native  arsenic,  or  arsenical  iron,  to  sublimation  in 
earthenware  retorts,  to  which  are  attached  receivers, 
wherein  a piece  of  rolled  sheet-iron  is  generally  placed 
to  collect  the  whole  or  greater  part  of  the  sublimate. 
The  other  methods  do  not  differ  from  the  preceding 
process  for  reducing  arsenious  acid,  except  that,  on  the 
large  scale,  the  product  is  impure. 

Those  compounds  of  arsenic  which  are  the  objects  of 
manufactm-e,  and  which  are  applied,  to  a considerable 
extent,  in  the  arts,  are  arsenious  acid,  and  its  combina- 
tions with  other  metallic  bases,  such  as  copper,  cobalt, 
chromium,  el  cetera;  sulphides  of  the  metal,  such  as 
orpiment  and  realgar,  and  some  few  others  which  will 
be  described  in  the  succeeding  pages. 

Arsenious  Acid. — Adde  arsenieux,  French ; arse- 
niksdure,  German;  acidum  arseniosum,  Latin. — Arse- 
nious acid,  white  arsenic,  and  white  oxide  of  arsenic, 
are  synonymous. 

This  compound  is  formed,  as  previously  stated,  when 


arsenic  is  heated  in  the  open  air ; it  sublimes  in  white 
fumes,  and,  when  collected,  constitutes  arsenious  acid. 
It  is  usually  in  the  foi-m  of  a compact  white  cake ; but 
it  may  also  be  obtained  crystallized  in  octahedrons. 

It  has  an  acrid  taste,  which  ultimately  leaves  an  im- 
pression of  sweetness,  and  it  is  one  of  the  most  virulent 
of  poisons.  Arsenious  acid  is  composed  of  one  equi- 
valent of  arsenic  and  three  equivalents  of  oxygen,  as 
shown  by  the  analyses  of  Mitscherlich  and  Berze- 
lius:— 

Centesimolly  represented. 

Atomic  weight  Theory.  Mitscherlich.  Berzelius. 


lEq.  arsenic, 75  ..  75-76  ..  75-730  ,.  75-782 

3 Eq.  oxygen, 24  . . 24-24  . . 24-270  . 24-218 


1 Eq.  arsenious  acid, . . 99  100-00  100-000  100-000 

It  is  prepared  in  several  other  ways  besides  those 
previously  given.  The  readiest  way  to  proceed  in  the 
laboratory  will  be  to  dissolve  the  metal  in  nitric  acid, 
and  evaporate  the  liquid  to  perfect  dryness  to  expel  the 
whole  of  the  nitric  acid ; the  residue  should  be  washed 
with  a httle  water,  in  order  to  remove  any  adhering 
nitric  acid,  after  which  it  is  dried,  and  retained  carefully 
for  use. 

Arsenious  acid  is  soluble  in  boiling  water  to  a moder- 
ate extent,  but  considerably  less  so  in  cold ; it  is  also 
soluble  in  alcohol  and  oils.  Kegarding  the  solubility  of 
arsenious  acid,  Guibourt  found  that  the  vitreous  acid 
required  104-17  parts  of  water  at  60°  Fahr.,  and  the 
opaque  80  parts.  BoUing  water  dissolved  9-68  of  the 
former,  and  11-47  parts  of  the  latter ; the  solutions, 
upon  being  cooled  at  60°,  retained  1-78  of  the  vitreous, 
and  2-9  of  the  opaque.  This  authority  further  states, 
that  the  color  of  litmus  paper  was  only  faintly  tinted 
red  by  ths  solution  of  the  vitreous,  and  not  at  all  by 
that  of  the  opaque  acid,  but  paper  slightly  reddened 
was  turned  blue  by  it ; both  solutions,  however,  com- 
municate a feeble  acid  reaction  to  blue  fitmus  paper. 

Arsenious  acid  is  found  in  two  distinct  conditions — 
crystallized  and  amorphous.  The  crystallized  acid  often 
assumes  two  forms;  the  octahedron  and  tetrahedron. 
— Figs.  129  and  130.  Wohler  has  observed  that  the 

Fig.  129.  Fig.  130. 


acid  assumes  the  form  of  hexahedral  plates,  derived 
from  the  right  rhombic  prism ; hence  it  appears  to  be 
dimorphous,  which  ^eems  connected  with  the  peculiari- 
ties of  the  opaque  and  vitreous  state  of  the  acid. 

Vitreous  arsenious  acid,  when  recently  prepared,  is  in 
the  form  of  large,  glassy,  colorless,  transparent  cakes ; 
it  is  sometimes  of  a yellowish  color,  and  in  concentric 
laminae  formed  by  successive  sublimations.  By  ex- 
posing these  transparent  cakes  to  the  air,  they  are 
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readily  covered  with  a white  coating,  and  lose  their 
former  transparency.  This  change  is  gradually  ex- 
tended to  the  centre,  so  that  the  fracture  has  an  enamel- 
like appearance ; occasionally,  the  cakes  crumble  down 
into  a friable  mass.  The  reason  of  this  change  has 
been  ascribed  by  Kruger  to  the  absorption  of  water, 
as,  according  to  that  chemist,  no  change  takes  place  in 
perfectly  dry  air;  he  ascertained  that  the  acid  increased 
in  weight,  though  not  more  than  a one  hundred  and 
sixtieth  of  the  whole  mass. 

Various  results  have  been  arrived  at  by  different 
chemists  respecting  the  specific  gravity  of  arsenious 
acid.  The  gravity  of  the  opaque  acid  is,  according  to 

Guibourt, 3-695 

Taylor, 3-529 

Brandt, 3-600 

The  gravity  of  the  transparent  acid  is  given  by 

Dumas, 3-698 

Guibourt, 3-738 

Brandt, 3-700 

Pereira  kept  arsenious  acid  in  a sealed  tube  for  two 
5'ears  without  any  change  being  noticed,  but  on  crack- 
ing the  tube  the  transparency  of  the  enclosed  acid  was, 
in  a very  short  time,  lost. 

A singular  .property  of  arsenious  acid  observed  by 
Ros£  is,  that  when  the  vitreous  acid  is  dissolved  in 
hydrochloric  acid,  and  allowed  to  cool  slowly,  vivid 
flashes  of  light  are  emitted  from  the  crystals  as  they 
form.  The  phenomenon  does  not  attend  the  crystalli- 
zation if  the  opaque  acid  is  dissolved  in  the  acid  liquor, 
neither  will  it  succeed  if  the  crystals  deposited  from  the 
vitreous  substance  be  redissolved  in  the  acid,  and  suf- 
fered to  cool  as  they  acquire  the  property  of  the  opaque 
acid ; the  production  of  the  light  seems  to  be  connected 
with  the  transition  from  one  modification  to  the  other. 

Heated  on  charcoal  before  the  blowpipe,  it  emits  the 
peculiar  characteristic  arsenical  odor;  when  mixed  with 
carbonate  of  soda  and  charcoal,  and  the  compound 
subjected  to  heat  in  a glass  tube,  it  yields  a ring  of 
metal  which  condenses  on  the  cold  part  of  the  tube. 
Arsenious  acid  is  decomposed  at  an  incipient  red  heat 
by  hydrogen,  carbon,  and  many  of  the  metals. 

Sulphide  of  hydrogen  produces,  in  solutions  of  arsenious 
acid,  a lemon-yellow  precipitate  of  tersulphide  of  arse- 
nic, which  is  very  characteristic  of  this  body ; the 
yellow  tint  being  observed  when  a ten-thousandth  of 
the  acid  is  present,  and  a precipitate  becoming  visible  in 
an  acidulated  solution  of  one  part  of  arsenious  acid  in 
eighty  thousand  parts  of  water.  Excess  of  lime-water 
occasions  a white  precipitate  in  a liquid  containing  about 
one  five-hundredth  of  arsenious  acid.  Ammonio-sul- 
phate  of  copper  gives  an  apple-green  precipitate  in  a 
solution  of  arsenious  acid,  thus  indicating  about  a twelve- 
thousandth  part  of  the  acid;  and  according  to  Reinsch, 
when  a slip  of  bright  copper  leaf  is  boiled  in  an  aqueous 
solution,  acidulated  by  hydrochloric  acid,  a grey  film 
of  arsenic  is  deposited  upon  the  copper,  showing  the 
presence  of  less  than  a one  hundred-thousandth  part  of 
the  acid.  Nitrate  of  silver  gives  with  it  a yellow  pre- 
cipitate. 

The  Editor  considers  the  most  infallible  test  to  be 
the  characteristic  alliaceous  odor  which  is  evolved 
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when  this  substance  is  heated  before  the  blowpipe ; he 
has  several  times  astonished  parties  with  the  minute 
quantities  of  arsenic  that  could  be  detected,  on  submit- 
ting substances  containing  it  to  the  action  of  reducing 
agents  before  the  blowpipe  flame. 

Arsenic  forms  a gas  with  hydrogen ; the  combination 
of  the  two  elements  may  be  effected  by  bringing  to- 
gether arsenious  acid,  or  an  arsenical  compound,  with 
zinc,  water,  and  sulphuric  or  hydrochloric  acid.  This 
property  was  first  taken  advantage  of  as  a test  for  the 
metal  by  the  late  Mr.  Marsh,  of  Woolwich.  The 
apparatus  he  employed  is  shown  in  an  improved  form 
in  Fig.  131.  The  stopcock,  6,  being  removed,  a few 
fragments  of  depurated 
zinc  are  introduced 
into  the  bend,  and  pure 
dilute  sulphuric  acid 
poured  upon  them ; the 
part,  6,  is  fixed  on,  a is 
closed  with  the  thumb, 
and  the  gas  evolved 
having  been  proved  to 
be  free  from  arsenic, 
by  no  deposit  being 
formed  when  burned 
against  a porcelain 
plate,  the  suspected  li- 
quid is  then  examined 
in  a similar  manner. 

Any  apparatus,  based 
on  the  same  principle  as  the  above,  is  called  after 
Marsh.  Fig.  132  is  a convenient  form.  The  mate- 
rials for  generating  the  hydrogen  are  introduced  into 
the  evolution  fiask,  a,  and  the  gas,  discharged  througb 
a tube,  B,  filled  with  dry  cotton-wool,  is — sufficient 
time  being  allowed  to  expel  the  atmospheric  air  from 
the  apparatus — inflamed  at  the  point  of  the  bent  tube, 
c,  and  a porcelain  plate  depressed  on  the  flame.  If,  after 
burning  for  some  time,  no  incrustation  or  blackening 


appears  on  the  plate,  it  is  a sign  that  the  materials 
are  free  fi’om  arsenic ; additional  ass'irance  is,  how- 
ever, obtained  by  heating  a portion  of  the  horizontal 
tube  to  redness  at  6,  by  means  of  a spirit-lamp ; no  j 
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incrustation  must  be  observed  in  the  tubes.  The  liquid 
to  be  tested  for  arsenic  is  now  introduced  into  the 
evolution  flask  through  the  funnel  tube ; and  if  it  con- 
tain any  traces  of  the  poison,  the  flame  of  the  hydrogen 
will  acquire  a bluish-white  color,  owing  to  the  reduction 
and  separation  of  the  arsenic,  and  fumes  of  arsenious 
acid  will  make  their  appearance.  On  bringing  the  por- 
celain plate  in  contact  with  the  flame,  brown  arsenic 
spots,  having  a shining  metallic  appearance,  will  be  ob- 
tained. 

On  directing  the  flame  of  the  spirit-lamp  to  the  hori- 
zontal part  of  the  tube,  a beautiful  incrustation  of  me- 
tallic arsenic,  d,  will  be  formed  in  the  cold  part;  and  on 
cutting  off  the  end  near  the  deposit,  and  applying  heat, 
the  arsenic  is  converted  into  arsenious  acid,  which  may 
be  dissolved  in  hot  water,  and  tested  by  nitrate  of  silver 
and  sulphate  of  copper. 

The  following — Fig.  133 — is  the  modification  of 
Marsh’s  apparatus,  as  given  by  Dr.  Ure: — A is  a 
Fig.  133.  narrow  glass  cylinder,  open 

- — toP)  about  ten  inches 

® “ 1 1 high,  and  one  inch  and  a 

half  in  diameter  inside.  B 
is  a glass  tube  about  one 
inch  in  diameter  outside, 
drawn  to  a point  at  the 
bottom,  and  closed  with  a 
^ cork  at  the  top.  Through 
the  centre  of  this  cork,  the 
small  tube,  c,  passes  down 
I air-tight,  and  is  furnished  at 
» the  top  with  a stopcock, 
into  which  the  small  bent  hard  glass  tube 
— without  lead — e,  is  cemented.  The 
bent  tube,  E,  is  joined  to  the  end  of  f by 
a perforated  cork. 

This  apparatus  is  used  as  follows : — 
Introduce  a few  oblong  slips  of  zinc, 
free  from  arsenic,  into  b,  and  then  insert  its  cork 
with  the  attached  tubes.  Having  opened  the  stop- 
cock, pour  into  the  tube.  A,  as  much  of  the  suspected 
liquid,  acidulated  with  dilute  sulphurie  acid,  as  will 
rise  to  the  top  of  the  cork  after  b is  fuU,  and  imme- 
diately shut  the  stopcock.  The  generated  hydi’ogen 
will  force  down  the  liquid  out  of  the  lower  orifice  of  b 
into  A,  and  raise  it  above  the  level  of  the  cork.  The 
extremity  of  the  tube,  f,  being  dipped  beneath  the  sur- 
face of  a weak  solution  of  nitrate  of  silver,  and  a spirit 
flame  being  placed  a little  to  tbe  left  of  the  letter  E,  the 
stopcock  is  then  to  be  slightly  opened,  so  that  the  gas 
which  now  fills  the  tube,  b,  may  escape  so  slowly  as  to 
pass  off  in  separate  small  bubbles  through  the  silver 
solution.  By  this  means  the  whole  of  the  arsenic  con- 
tained in  the  terhydride  of  arsenic  will  be  deposited 
either  in  the  metallic  state  upon  the  inside  of  the  tube, 
E,  or  with  the  silver  wOl  pass  into  the  characteristic 
black  powder.  The  first  charge  of  gas  iu  b being 
expended,  the  stopcock  is  to  be  shut  till  the  liquid  is 
again  expelled  from  it  by  a fresh  disengagement  of 
hydrogen. 

The  ring  of  metallic  arsenic  deposited  beyond  e may 
be  chased  onwards,  by  placing  a second  flame  under  it, 
which  forms  it  into  an  oblong,  brilliant,  steel-like  miiTor. 


It  is  evident  that,  by  the  patient  use  of  this  apparatus, 
the  whole  arsenic  in  any  poisonous  liquid  may  be  col- 
lected, weighed,  and  subjected  to  every  kind  of  chemi- 
cal verification.  By  means  of  the  perforated  cork,  the 
tube,  F,  may  readily  be  turned  about,  and  its  taper  point 
raised  into  such  a position  as  that,  when  the  hydrogen 
issuing  from  it  is  kindled,  the  flame  may  be  made  to 
play  upon  a surface  of  glass  or  porcelain,  in  order  to 
form  the  arsenical  miiTor. 

Arsenious  aeid  unites  "with  most  bases,  with  which  it 
forms  salts,  called  arsenites.  With  oxide  of  copper  it 
gives  compounds  much  used  as  pigments,  and  which 
will  be  hereafter  described. 

Arsenious  acid  is  manufactured  on  the  large  scale 
only  in  a few  establishments;  it  is,  however,  obtained 
as  a secondary  product  in  many  metaUurgic  opera- 
tions, such  as  those  of  cobalt,  tlie  ores  employed  con- 
taining a large  proportion  of  arsenic.  The  principal 
places  where  the  acid  is  prepared  to  a large  extent 
are,  Altenberg  and  Eeichenstein,  in  Silesia,  where  tbe 
most  improved  methods  are  followed,  as  arsenious  acid 
is  the  sole  product  of  the  manufacture.  Arsenical  iron, 
which  is  the  ore  employed,  is  coarsely  ground,  or  broken 
up  into  small  pieees,  previous  to  its  being  introduced 
into  the  furnace,  in  which  state  it  is  called  schliech. 
The  roasting  of  the  arsenical  ore  is  somewhat  similar 
to  the  manner  of  burning  sulphur  for  the  manufacture 
of  sulphuric  acid,  but  the  fire  is  kept  out  of  contact 
with  the  former,  while  it  acts  directly  on  the  latter. 
In  the  succeeding  figures,  the  kind  of  apparatus  used 
is  represented. 

Figs.  134  and  135  are  explanatory  of  the  furnace : 
the  first  shows  a longitudinal,  and  the  second  a trans- 
verse section ; the  same  characters  in  each  indicate  the 
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same  parts.  The  mufifie  of  the  furnace,  where  the 
ore  is  deposited  for  roasting,  is  indicated  by  « ; 5 is  a 
door  in  the  front  of  the  mufile,  tlirough  which  the 
workman  introduces  his 
sheer  to  work  the  charge, 
and  draw  out  the  ex- 
hausted material ; c c c 
are  the  flues  round  the 
muffle,  where  the  smoke 
and  flame  from  the  fire 
are  carried  forward  to  the 
main  flue,  e,  leading  to 
the  chimney.  From  the 
muffle,  two  channels,//, 
lead  to  two  others,  g,  and  these  terminate  in  a larger 
one,  h,  which  opens  into  the  first  chamber,  b,  appro- 
priated for  the  condensation  of  the  acid.  By  the  open- 
ing, i,  the  vapors  of  the  acid  uncondensed  in  B pass  hito 
the  conduit,  k,  and  thence  by  I — Fig.  136 — into  the 
lower  of  the  compartments,  m n o p qr,  which  com- 
pose the  poison  tower,  where  most  of  the  gases  evolved 
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from  the  muffle  are  condensed.  The  sulphurous  acid 
arising  from  the  oxidation  of  a portion  of  the  sulphur 
escapes  through  the  top. 

About  ten  hundredweight  of  the  prepared  ore — 
schliech — form  the  charge,  which  is  introduced  through 
the  opening,  d,  and  spread  upon  the  inclined  hearth  of 
the  furnace  to  the  depth  of  from  two  to  four  inches. 
At  first  the  application  of  the  fire  is  well  attended  to, 
till  the  mass  in  the  muffle  approaches  a red  heat,  after 


Fig.  136. 


which  it  is  abated  to  a certain  degree,  and  maintained 
at  that  point  till  the  whole  of  the  charge  is  worked  off, 
and  this  is  effected  in  about  twelve  hours.  The  ex- 
hausted ore  is  now  raked  out  at  the  front,  and  another 
charge  introduced  as  before.  During  the  roasting  of 
the  ore,  the  door,  5,  is  kept  open,  that  the  air  entering 
may  oxidize  the  metals,  and  particularly  the  arsenic. 
The  current  of  air  is  rendered  more  forcible  in  conse- 
quence of  the  heat  in  the  furnace,  and  the  declination 
of  the  hearth  towards  the  front  of  the  muffle.  Frequent 
stirring  of  the  metals  is  necessary  to  insure  their  com- 
plete oxidation. 

Fig.  136  is  a section  of  the  poison  tower.,  where  the 
arsenious  acid  is  condensed  in  the  spaces,  mnop  qr\ 
the  fumes,  as  stated  above,  enter  the  lower  compart- 
ment at  X,  and  then  follow  the  direction  of  the  arrows, 
until,  finally,  the  uncondensable  vapors  depart  through 
the  opening,  s.  In  the  flues  and  first  chambers  of  the 
tower,  the  purest  arsenic  is  to  be  found,  that  which  is 
deposited  in  the  upper  ones  being  impregnated  with 
sulphur.  At  the  termination  of  the  working  of  each 
charge,  the  covers,  ttt,  are  taken  away  for  the  purpose 
of  collecting  the  whole  of  the  condensed  arsenious  acid 
into  the  lower  chamber,  which  is  emptied  only  about 
once  in  every  two  months,  and  contains  at  that  period 
about  twenty-five  tons  of  the  impure  compound.  At 
first  sight  a great  deal  of  fuel  would  appear  to  be  con- 
sumed j this,  however,  is  not  the  case.  The  reason  is, 
that  the  metals  during  the  oxidation  evolve  so  much 
heat,  that  only  very  little  besides  is  required  to  maintain 
the  equalized  heat  necessary  to  dispel  the  whole  of  the 
YOL.  I. 


volatile  products.  About  four  and  a half  bushels  of 
charcoal  are  sufficient  to  oxidize  the  quantity  just  men- 
tioned. 

The  arsenious  acid  procured  by  the  foregoing  mode 
is  purified,  before  it  is  sent  to  market,  by  sublimation ; 
the  method,  together  with  the  representation  of  the 
furnace,  adopted  at  Reichenstein  for  that  purpose,  are 
here  given. 

Fig.  137  is  a drawing,  which  shows  the  front  view  of 
the  furnace. 

The  part  A is  a front  view  of  the  half,  and  B a 
section  of  the  other  half.  The  fire-grates  are  indi- 
cated by  a a ; hh  are  the  ash-pits,  c c the  doors,  and 
d d the  space  appropriated  for  the  fire  to  play  under 
the  bottom  of  the  subliming  pots ; the  smoke  is  carried 
off  by  the  chimney,  g.  The  subliming  pots,  ee,  are 
made  of  cast-iron — or  they  may  be  of  porcelain — and 
receive  the  crude  arsenic  to  be  sublimed;  they  are 
surmounted  by  iron  drums,  h h,  serving  as  condensers, 
and  are  furnished  with  caps,  ii,  which  in  turn  are 
co’S'ered  with  the  funnelled  pipe,  k k,  the  narrow  ends 
of  which  enter  the  condensing  chamber,  l.  In  these 
pipes,  m m are  openings  to  admit  the  insertion  of  a 
probing  wire,  to  clear  them  when  choked  up  by  the 
sublimed  material. 

Each  pot  is  charged  with  about  three  and  a half 
liundredweight  of  the  crude  arsenious  acid ; the  cylin- 
ders, h h,  are  then  appended  in  their  proper  position  by 
the  aid  of  the  handles  with  which  they  are  supplied. 


Fig.  137. 


and  the  joinings  being  well  luted  with  a composition  of 
loam,  hair,  and  blood,  the  caps,  ii,  are  adjusted,  as  also 
the  pipes,  k k,  and  lastly,  the  fire  is  lighted.  A very 
gentle  heat  is  applied  for  about  half  an  hour,  but  this 
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may  afterwards  be  raised  to  a biglier  degree,  sufficient  to 
conduct  the  operation  without  a too  rapid  effect.  The 
arsenious  acid  by  this  means  rises  partly  as  a dusty 
white  body,  and  partly  assumes  the  crystallme  shape ; 
both  forms,  however,  fuse  by  the  further  action  of  the 
heat,  and  give  rise  to  a vitreous  homogeneous  mass. 
Only  a sublimate  of  ther  acid'  is  obtained  when  the  heat 
is  too  feeble,  and,  on  the  other  hand,  much  of  the  arsenic 
is  driven  into  the  pipes  and  condenser,  if  it  rises  beyond 
due  hmits.  At  the  end  of  twelve  hours  the  fire  is 
allowed  to  go  out,  and  when  the  furnace  is  cold,  the 
cylinders  are  lifted  off^  and  the  glass  of  arsenious  acid 
detached.  Sometimes  this  glass  is  interepersed  with 
dark  spots  of  metalhc-  arsenic ; whenever  this  happens, 
either  the  whole  compound  must  be  sublimed  anew,  or 
those  parts  picked  out,  if  such  an  operation  is  practi- 
cable. Good  crude  arsenious  acid  yields  from  three- 
fourths  to  seven-eighths  of  its  weight  of  the  purified 
substance. 

Arsenious  acid  is  used  in  considerable  quantities  for 
the  purpose  of  destroying  the  color  communicated  by 
protoxide  of  iron  in  glass-making ; in  the  preparation 
of  various  arsenical  compounds,  some  of  which  are 
used  extensively  in  printing;  and  by  naturalists,  to  pre- 
serve organic  specimens  from  putrefaction  and  the 
ravages  of  insects.  In  medicine,  it  is  used  only  to  a 
limited  extent.  It  exerts  a most  destructive  influence 
on  the  system. 

Arsenic  Acid. — Acide  arsenique,  French;  arsen- 
sdure,  Geiman ; acidum  arsenicum,  Latin. — This  acid 
was  discovered  by  Scheele,  who  directed  for  its  ready 
formation  that  arsenious  acid  should  be  dissolved  in 
aqua  regia — nitro-hydrochloric  acid — and  the  mixture 
distilled  to  dryness  in  a retort,  which  leaves  solid  arsenic 
acid.  The  easiest  method,  however,  of  procuring  this 
acid  is,  to  dissolve  arsenic  in  nitric  acid,  and  to  evapo- 
rate the  solution  to  dryness.  The  taste  of  the  acid  thus 
prepared  is  not  very  remarkable  when  dry,  but  when 
moistened  it  becomes  exceedingly  acrid. 

Arsenic  acid  is  deliquescent  and  crystallizable ; it 
fuses  at  an  incipient  red  heat,  concreting,  on  cooling, 
into  a vitreous  mass.  At  a higher  temperature  it  is 
decomposed,  oxygen  is  evolved,  and  arsenious  acid 
sublimes.  Its  specific  gravity  is  3'7  ; six  parts  of  cold 
and  two  parts  of  boiling  water  are  required  for  its  solu- 
tion, which  reddens  vegetal  blues,  tastes  acid  and 
metallic,  and  is  a more  virulent  poison  than  arsenious 
acid.  It  gives  a white  precipitate  with  lime-water,  a 
peculiar  reddish-bro\vn  with  nitrate  of  silver,  and  gra- 
dually yields  a yellow  deposit  of  quinquisulphide  of 
arsenic,  when  its  solution  is  subjected  to  the  action  of  a 
stream  of  sulphide  of  hydrogen  gas.  Its  precipitate 
with  ammonio-sulphate  of  copper  is  pale  greenish  blue. 
Arsenic  acid  consists  of— 


Atomic  weight. 

Theory. 

Berzelius. 

1 1 Eq.  of  arsenic, 

....  75  ... 

. 65-22  . 

..  65-29 

1 5 Eq.  of  oxygen, . . . . 

....  40  ... 

34-78  .. 

. 34-71 

1 Eq.  of  arsenic  acid. 

. . . . 115 

100-00 

100-00 

This  acid  gives  salts  with  bases  termed  arseniates, 
but  they  have  no  commercial  importance. 

Realgar. — Red  Orpiment. — The  artificial  forma- 
tion of  this  compoimd  is  not  on  an  extended  scale,  as 
it  is  found  in  natoe  in  considerable  quantities ; some- 


■Eealgar. 


times  associated  mth  native  arsenic  in  veins  and  efflo- 
rescences, and,  occasionally,  crystalline  in  primitive 
mountains.  It  is  most  abimdant  in  volcanic  districts, 
as  at  Solfaterra,  near  Naples,  and  is,  in  some  mstances, 
sublimed  in  the  shape  of  stalactites,  as  at  the  craters  of 
Etna  and  Vesuvius.  Natural  specimens  possess  a very 
beautiful  scarlet  color,  which,  when  powdered,  is 
changed  into  an  orange  red;  it  is  soft,  and  of  a vitreous 
and  conchoidal  fracture. 

Before  the  blowpipe  it  is  volatilized,  and  evolves  the 
peculiar  arsenical  odor,  together  with  that  of  burning 
sulphur. 

In  the  pure  state  it  is  composed  of  — 

Centesimally. 

Atomic  weight.  Found.  Theory. 

1 Eq.  of  arsenic, 75  ....  70‘0  ....  70'1 

2 Eq.  of  sulphur^ 32  ....  30'0  ....  29-9 

107  100-0  100-0 

Realgar  is  made  artificially,  by  distilling  a mixture  of 
arsenical  iron  pyrites,  arsenious  acid,  and  sulphur.  For 
this  purpose  a furnace  and  gallery  are  erected,  in  which 
a number  of  earthenware  retorts  are  placed,  as  seen  in 
the  annexed  cuts — Figs,  138  and  139.  The  retorts 

Fig.  138. 


are  so  disposed  that  they  form  two  rows,  and  are  com- 
posed of  silica,  iron  filings,  clay,  and  alumina,  luted  to 
the  receivers,  which  are  lilcewise  of  earthen  or  stone- 
ware. A num- 
ber of  small  holes 
permeate  the  re- 
ceiver, to  allow 
the  gases  which 
form  during  the 
distillation  to  pass 
off.  In  the  course 
of  the  operation, 
the  small  holes 
become  choked 
up  from  the  de- 
posit of  sulphide  of  arsenic  which  forms  on  the  in- 
terior of  the  vessel;  and  to  prevent  an  explosion 
which  the  confined  gases  would  occasion,  the  coating 
of  realgar  should  be  scraped  off  the  upper  part  from 
time  to  time  by  a rod,  which  may  be  introduced  in 
an  opening  for  that  puipose  in  the  receiver.  The 
retorts  are  charged  to  about  two-thirds  of  their  ca- 
pacity with  the  prepared  ore,  and  the  necks  adapted 
to  the  receivers ; a very  gentle  heat  is  applied  for  an 
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liour  and  a half,  or  two  hours,  then  gradually  in- 

The  composition  of  orpiment  is 

creased  to  redness,  and  maintained  so  for  eight,  ten, 

Atomic  weight  llieoiy.  Berzelius. 

or  twelve  hours.  During  the  distillation,  the  receivers , 

1 Eq.  of  arsenic,. 75  ....  60-97  ....  61-0 

are  kept  as  cool  as  possible.  On  withdrawing  them  at 

3 Eq.  of  sulphur, 48  ....  39-03  ....  39-0 

the  termination  of  the  process,  a yellow  and  red  sul- 

123  100-00  100-0 

phide  of  arsenic,  together  with  a red,  vitreous,  compact 

Formula, As  S3. 

body,  is  obtained;  the  former  is  mixed  with  a fresh 

charge,  and  the  latter  purified  for  use.  The  operation 

This  compound  of  arsenic  and  sulphur,  like  the  pre- 

is  rather  dangerous  to  execute,  especially  under  a chim- 

ceding,  is  still  used,  but  to  a limited  extent,  as  a pig- 

ney  having  a strong  draught.  Cast-iron  pots  or  cylin- 

ment  in  oil  painting  and  lacquering.  The  two  are 

ders  are  employed  in  the  purification,  and  these  are 

occasionally  employed  to  destroy  the  effect  of  the  indigo. 

charged  with  from  twenty-five  to  thirty  pounds  of  the 

which  is  dissolved  by  the  potassa  used  at  the  same 

arsenical  glass  from  the  first  preparation,  and  heat  ap- 1 

time.  Orpiment  was  once  used  to  dye  sUks,  by  dis- 

plied.  The  attendant  ascertains  if  the  proper  shade  of 

solving  it  in  ammonia,  and  passing  the  weft  through 

color  is  attained  by  introducing  an  iron  rod  into  the 

the  solution  thus  produced.  On  hanging  the  cloth  up 

fused  mass ; and  on  withdrawing  it,  he  abstracts  part  of 

in  the  stove-room,  the  volatile  ammonia  was  expelled. 

the  compound.  If  the  color  be  found  too  dark,  some 

and  the  color  remained  fixed  upon  the  cloth.  These 

sulphur  is  added  to  make  it  lighter;  and  if  too  light,  a 

compounds  are  highly  poisonous,  and  should  be  used 

quantity  of  a darker  realgar  is  thrown  in.  Wlien  the 

with  the  greatest  care. 

operation  is  finished,  the  realgar  is  cast  into  sheet-iron 

Arsenites. — Arsenious  acid  imites  with  all  the 

cylinders  and  allowed  to  cool,  after  which  it  is  packed 

mineral  bases,  and  forms  with  them  definite  com- 

for  market.  The  residue  left  in  the  retorts  after  the 

pounds,  which,  however,  are  of  little  utility  in  a manu- 

first  sublimation,  consisting  of  sulphide  of  iron,  et  cetera, 

facturing  or  artistic  sense,  though,  as  the  result  of 

is  employed  sometimes  in  the  manufacture  of  sulphate 

chemical  research,  they  occupy  a prominent  position  in 

of  iron  or  copperas. 

scientific  manuals.  Those  to  which  any  interest  is 

Orpiment. — This  is  manufactured  from  the  preced- 

attached  are,  the  arsenite  of  potassa,  and  the  com- 

ing  compound  of  arsenic  and  sulphur,  as  also  by  fusing 

pounds  kno\vn  as  Scheele's  green  and  Schweinfurth 

a mixture  of  arsenious  acid  and  sulphur  in  refining 

green — the  former  an  arsenite,  and  the  latter  an  arsen- 

kettles  similar  to  those  used  for  purifying  arsenious  acid. 

ite  with  a portion  of  acetate  of  copper. 

Some  conflicting  directions  have  been  given  for  its  pre- 

A rsenite  of  Potassa. — This  substance  is  formed  by 

paration ; as  by  fusing  one  part  of  sulphur  with  seven 

dissolving  arsenious  acid  in  a solution  of  caustic  or 

of  arsenious  acid.  This  might  be  taken  as  a misprint, 

carbonated  alkali,  and  evaporating  the  solution;  or,  by 

were  it  not  that  Guibourt  found,  upon  the  analysis  of 

decomposing  arsenite  of  baryta  by  sulphate  of  potassa. 

such  a sample,  ninety-four  per  cent,  of  arsenious  acid. 

double  decomposition  takes  place : 

and  only  six  per  cent,  of  orpiment. 

To  produce  a good  article,  theory  shows  that  four 

Ba  0,  As  O3  -p  K 0,  S O3  = K 0,  As  O3  + Ba  0,  S 63 

and  a half  equivalents  of  sulphur  would  be  required  to 

Arsenite  of  baryta.  Sulphate  of  potassa.  Arsenite  of  potassa.  Sulphate  of  baryta. 

one  equivalent  of  arsenious  acid ; or,  numerically,  eleven 

parts  of  the  acid  require  eight  of  sulphur  to  combine 

It  is  the  active  ingredient  in  many  patent  medicines. 

with  the  arsenic  and  oxygen  of  the  arsenious  acid. 

such  as  Fowler's  mineral  solution,  or  tasteless  ague  drop. 

Experience  has  proved  that  the  more  the  manufacturer 

and  is  used  for  the  preparation  of  other  arsenites  by 

on  the  large  scale  works  according  to  theory,  the  better 

double  decomposition,  particularly  in  the  laboratory.  1 

1 

and  more  economical  will  his  trade  become. 

Scheele's  Green. — This  compound  derives  its  name 

In  making  orpiment  with  realgar  and  sulphur,  seven 

from  ScHEELE,  its  discoverer,  who  gives  the  following 

parts  of  the  former  shoifld  be  taken  to  one  of  the  latter, 

direction  for  preparing  it: — Dissolve  two  pounds  of 

and  the  mixture  fused  as  above.  In  the  moist  state. 

sulphate  of  copper  in  three  gallons  of  warm  water; 

orpiment  is  prepared  by  precipitating  a solution  of 

in  another  vessel  make  a solution  of  two  pounds  of 

arsenic  in  hydroclfloric  acid  by  sulphide  of  hydrogen, 

pure  potassa,  and  eleven  ounces  of  arsenious  acid  in  one 

straining  oif  the  liquid,  and  drying  the  yellow  precipi- 

gallon  of  water;  filter  both  through  a cloth,  and  while 

tate.  Orpiment  has  a bright  yellow  color,  passing  into 

warm,  mix  them  portion-wise,  keeping  the  menstruum 

orange  when  it  is  prepared  by  precipitation,  but  when 

briskly  agitated  at  each  addition.  As  soon  as  the  pre- 

obtained  by  fusion,  it  is  more  dark  and  crystalline 

cipitate  settles  to  the  bottom,  the  clear  liquid  is  to  be 

after  cooling ; the  fracture  is  conchoidal.  Unlike  the 

decanted  or  siphoned  oif,  and  the  green  powder  treated 

precipitated  substance,  the  fused  mass  is  slightly  solu- 

•with  a gallon  or  more  of  hot  water,  and  agitated.  Next 

ble  in  water,  from  which  sulphide  of  hydrogen  again 

it  is  to  be  thrown  on  a filter,  again  washed  once  or 

throws  it  down  as  a yellow  powder. 

twice  with  water,  and  finally  dried  at  a gentle  heat. 

It  is  oxidized  by  nitric  and  nitro-hydrochloric  acids, 

Another  process  followed,  is  to  dissolve  two  parts  of 

and  dissolved  by  alkalies  and  alkaline  carbonates — an 

sulphate  of  copper  in  forty-four  of  hot  water,  and  to 

arsenite  of  the  base,  with  sulphide  of  the  alkali  metal. 

add  to  this  solution  another  composed  of  two  parts  of 

being  formed,  and  carbonic  acid  expelled  when  the 

carbonate  of  potassa,  one  of  arsenious  acid,  and  forty- 

carbonate  is  used.  Heated  in  close  vessels,  it  fuses 

four  of  water.  The  green  powder  which  is  thus  pro- 

and  sublimes;  in  air,  sulphurous  acid  is  evolved,  and 

duced  is  washed  well  with  water,  and  dried  at  212’ 

arsenious  acid  produced. 

Fahr. 
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Scliweinfurth  Green  was  first  made  in  the  year  1814, 
at  the  locality  whence  it  takes  its  name.  It  is  made  by 
adding  a solution  of  arsenious  acid  to  verdigris.  In  the 
cold,  the  change  produced  is  different  from  that  which 
subsequently  residts ; a precipitate  forms,  which,  instead 
of  being  of  the  rich  color  of  the  compound,  has  an  olive- 
green  tint.  This  precipitate  is,  according  to  Erdmann, 
arsenite  of  copper,  and  the  solution  contains  the  free 
acetic  acid  already  in  union  with  the  base  ; on  leaving 
the  mixture  for  a long  time  to  react,  or  by  boiling  it,  a 
change  occurs,  and  the  olive-colored  precipitate  becomes 
of  a beautiful  brilliant  green  hue.  Booth  directs  for  its 
formation,  ten  parts  of  verdigris  to  be  diffused  through 
sufficient  water  to  form  a thin  paste,  and  this  passed 
through  a sieve,  after  which  eight  or  nine  parts  of  finely- 
powdered  arsenious  acid  are  to  be  dissolved  in  a hun- 
dred of  boiling  water,  and  the  solution  added  while  at 
the  point  of  ebullition  to  the  infusion  of  the  verdigris  in 
water,  in  successive  portions,  taking  care  to  stir  the 
mixture  well  each  time ; and  lastly,  the  whole  is  to  be 
boiled  for  a few  minutes,  which  is  sufficient  to  develop 
the  full  tone  of  color.  If  cold  water  be  pomed  into  the 
hot  solution  without  boiling,  the  peculiar  green  does  not 
appear  for  some  time ; still,  a more  crystalline  compound 
possessing  a richer  hue  is  in  this  way  produced,  than 
by  the  foregoing  method. 

Brandt  states  another  method,  which  is  the  follow- 
ing;— Fifty  pounds  of  sulphate  of  copper  and  ten  of 
lime  are  dissolved  in  twenty  gallons  of  ordinary  vinegar, 
and  a boiling  hot  solution  of  fifty  pounds  of  arsenious 
acid  in  water  quickly  stirred  into  it ; the  precipitate  is 
dried  and  reduced  to  powder.  In  this,  the  precautions 
required  in  the  preceding  case  will  be  applicable. 

Erdmann  gives  the  annexed  composition  to  the 
pigment : — 

Centesimally  represented. 


Arsenious  acid, 58'622 

Oxide  of  copper, 31 '243 

Acetic  acid, 10'135 


100-000 

Kesults  which  correspond  with  the  formula — 

Cu  0,  A 3 (Cu  0,  As  O3). 

It  should  be  known  that  these  compounds  are  highly 
poisonous,  and  therefore  should  be  used  with  caution. 
It  has  been  stated  that  these  green  pigments  have  been 
employed  by  confectioners  to  give  color  to  their  sweet- 
meats, a practice,  if  true,  fraught  with  pernicious  and 
fatal  consequences. 

Quantitative  Estimation. — Arsenic  is  quantita- 
tively determined  in  various  ways.  The  following  is 
the  method  usually  followed  when  no  other  compound 
but  arsenic  or  its  combinations  is  present. 

In  general  cases,  when  the  liquor  contains  other  sub- 
stances not  precipitated  by  sulphide  of  hydrogen,  the 
arsenical  solution  may  be  acidified  with  hydrochloric 
acid,  and  determined  by  passing  through  it  a current  of 
sulphide  of  hydrogen.  If  the  liquor  be  dilute,  a preci- 
pitate of  sesquisulphide  of  arsenic  is  produced,  the  com- 
position of  which  corresponds  to  that  of  arsenious  acid. 
The  stream  of  sulphide  of  hydrogen  is  continued  until 
the  liquor  is  completely  saturated,  the  whole  is  then 
left  at  rest  in  a moderately  warm  place  until  the  odor 
of  sulphide  of  hydrogen  has  vanished,  when  the  traces 


of  sulphide  of  arsenic  held  in  solution  by  the  excess  of 
the  precipitant  are  thrown  down.  A small  portion  of 
the  precipitate  adheres  so  strongly  to  the  side  of  the 
vessel,  and  of  the  glass  tube  which  dips  in  the  liquor, 
that  it  cannot  be  removed  by  mechanical  means,  but  it 
is  very  easily  dissolved  by  a few  drops  of  ammonia;  this 
solution  is  added  to  the  acid  liquor,  which  precipitates 
the  small  quantity  of  dissolved  sulphide  of  arsenic.  If 
the  liquor  contains  any  oxide  of  cobalt  which  is  to  be 
subsequently  determined,  a solution  of  carbonate  of  soda 
must  be  employed  instead  of  ammonia,  for  the  pm-pose 
of  dissolving  the  small  quantity  of  sulphide  of  arsenic 
just  mentioned,  because  oxide  of  cobalt  cannot  be  pre- 
cipitated completely  by  potassa  from  a solution  which 
contains  ammonia. 

The  sulphide  of  arsenic  obtained,  is  collected  upon  a 
tared  filter,  washed,  dried  at  a very  gentle  heat,  and 
then  weighed.  Were  the  operator  quite  sure  that  the 
solution  contains  arsenious  acid  only,  he  might  calculate 
the  quantity  of  this  acid  from  that  of  the  sulphide  of 
arsenic  produced,  though  even  in  that  case  the  results 
would  be  erroneous,  as  the  sulphide  contains  more  sul- 
phur than  is  found  by  calculation,  being  mixed  with  a 
little  sulphur  due  to  the  decomposition  of  the  excess  of 
sulphide  of  hydrogen  in  the  liquor.  Whenever  it  is 
presumed  that  the  solution  contains  a little  arsenic  acid, 
besides  arsenious  acid,  the  sulphide  of  arsenic  obtained 
must  be  completely  analysed,  which,  for  the  reason  just 
stated,  should  always  be  done,  even  when  the  liquor 
contains  arsenious  acid  only.  The  best  method  of  per- 
forming this  analysis  is  as  follows : — 

After  having  dried  and  weighed  the  sulphide  of  arsenic, 
aU  that  can  be  shaken  from  the  filter  is  put  into  a small 
matrass,  or  a large  glass  vessel,  and  the  filter  is  again 
weighed  in  order  to  know  the  amount  of  substance 
submitted  to  experiment.  Aqua  regia  is  then  poured 
upon  it,  and  the  whole  left  to  digest  for  some  time. 
The  action  of  the  acid  upon  sulphide  of  arsenic  in  fine 
powder  is  very  energetic,  even  in  the  cold,  owing  to 
which  the  oxidation  must  be  performed  in  capacious 
vessels.  The  arsenic  is  oxidized  into  arsenic  acid,  and 
a portion  of  the  sulphur  is  converted  into  sulphuric 
acid,  the  remainder  continuing  in  the  pure  state.  In 
order  to  convert  the  whole  of  the  sulphur  into  sul- 
phuric acid,  the  digestion  in  aqua  regia,  which  should 
be  frequently  renewed,  would  require  too  long  a time. 
On  this  account,  as  soon  as  the  sulphur  is  agglomerated 
into  small  lumps,  it  is  collected  upon  a counterpoised 
dry  filter,  washed,  dried  most  carefully,  and  weighed. 
A solution  of  chloride  of  barium  is  added  to  the  filtered 
liquor,  and  the  sulphate  of  baryta  determined  with  the 
usual  precautions;  from  its  weight,  that  of  the  sulphur 
in  solution  is  calculated.  The  sulphate  of  baryta  is  very 
difiScult  to  wash,  on  account  of  the  presence  of  nitric 
acid  in  the  solution.  The  collective  quantities  of  sul- 
phiu  indicate  that  which  existed  in  the  sulphide  of 
arsenic  subjected  to  analysis ; the  loss  indicates  the  loss 
of  the  arsenic,  from  which  the  proportion  of  the 
arsenious  acid  is  calculated.  It  is  necessary  to  take 
care  in  this  operation,  to  collect  the  imdissolved  sulphur 
only  after  a prolonged  digestion  in  aqua  regia.  The 
color  of  sulphide  of  arsenic  does  not  differ  much  fi-om 
that  of  sulphur,  yet  a little  practice  enables  the  operator 
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to  detect  very  readily  whether  the  sulphur  contains  any 
of  the  metallic  compounds. 

Instead  of  the  preceding,  the  foUoAving  method  may 
be  adopted:— The  acid  liquor  is  supersaturated  with 
ammonia,  and  a quantity  of  sulphide  of  ammonium  is 
added  thereto,  which  produces  a precipitate  of  sulphide 
of  arsenic,  dissolving  easily  and  completely  in  the  excess 
of  sulphide  of  ammonium,  whether  it  be  tersulphide  or 
quinquisulphide  of  arsenic. 

If  the  solution  is  very  concentrated,  it  should  be 
diluted  with  a large  quantity  of  water,  and  hydrochloric 
acid  carefully  added,  till  it  gives  a feeble  acid  reaction 
with  litmus  paper.  Sulphide  of  arsenic  is  thereby 
precipitated,  with  disengagement  of  sulphide  of  hydro- 
gen. The  liquor  is  digested  at  a gentle  heat,  until 
the  odor  of  the  sulphide  of  hydrogen  has  disappeared, 
and  the  sulphide  of  arsenic  produced  is  separated  by 
filtering. 

Ordinarily,  arsenic  acid  is  precipitated  by  a solution 
of  acetate  or  nitrate  of  lead,  in  the  state  of  arseniate 
of  lead,  from  the  weight  of  which  the  quantity  of  the 
arsenic  is  determined ; but  this  method  is  seldom  satis- 
factory, and  is  attended  with  more  difficulties  than  that 
just  described,  when  the  solution  contains  other  me- 
tallic oxides. 

It  is  absolutely  necessary  to  analyse  this  sulphide, 
as  before  said,  because  it  is  mixed  with  much  sulphur 
from  the  decomposition  of  the  sulphide  of  ammonium. 
If  the  operator  has  not  added  a very  large  quantity 
of  water  to  the  solution  of  the  sulphide  of  arsenic  in 
sulphide  of  ammonium,  before  decomposing  it  by  hydro- 
chloric acid,  and  too  large  a proportion  of  this  acid  is 
subsequently  added,  the  whole  of  the  arsenic  is  not  ob- 
tained in  the  state  of  sulphide.  It  is  better,  in  a great 
number  of  cases,  to  decompose  the  liquor  with  acetic, 
instead  of  with  hydrochloric  acid.  The  sulphide  of 
arsenic  is  much  more  completely  precipitated  by  this 
than  by  the  foregoing  course  of  analysis. 

It  is  also  necessary  to  determine  the  quantity  of  the 
arsenic  acid  in  the  arseniate  of  lead  produced,  in  order 
to  obtain  anything  like  tolerable  accuracy;  this  pro- 
cedure is  much  more  comphcated  than  the  quantitative 
determination  of  arsenic  in  the  state  of  sulphide. 

Arsenic  is  separated  from  lead,  mercury,  silver,  bis- 
muth, cadmium,  and  copper,  by  digesting  the  mixed 
sulphides  in  an  excess  of  sulphide  of  ammonium,  which 
dissolves  the  sulphide  of  arsenic.  The  solution  is  sub- 
sequently filtered  off,  and  the  sulphide  of  arsenic  thrown 
down  from  the  filtrate  by  addition  of  a slight  excess  of 
hydrochloric  acid;  and  on  the  deposited  sulphide  being 
refiltered,  washed,  dried,  and  treated  as  in  the  foregoing 
process,  the  amount  of  atsenic  is  fomid.  Antimony 
and  tin  are  most  difficult  of  separation  from  tliis  metal. 

Ros^  recommends  the  following  for  separating  anti- 
mony from  arsenic: — The  alloy  is  heated  to  redness 
in  an  atmosphere  of  hydrogen  gas,  in  an  apparatus 
similar  to  Fig.  128,  represented  at  page  211.  When 
the  quantity  of  arsenic  is  considerable,  it  is  necessary 
that  the  diameter  of  the  tube,  soldered  to  the  further 
side  of  the  glass  bulb  containing  the  alloy,  be  not  too 
small. 

As  soon  as  the  apparatus  is  filled  with  hydrogen  gas, 
heat  is  applied  to  the  bulb,  and  is  continued  until  no 
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more  metallic  arsenic  is  deposited  in  the  end  tube. 
By  means  of  a small  spirit-lamp,  the  metal  is  constantly 
expelled  from  the  tube,  leaving  it  clear. 

When  the  arsenic  has  been  comifietely  eliminated 
from  the  tube,  the  glass  bulb  is  suffered  to  cool,  but 
without  interrupting  the  current  of  hydrogen.  It  is 
then  weighed  with  the  residuum  of  metalhc  antimony, 
and  the  loss  indicates  the  quantity  of  arsenic.  It  is 
necessary  in  this  operation  not  to  employ  too  strong  a 
heat,  which  would  slightly  volatilize  the  antimony.  It 
is  scarcely  necessary  to  add,  that  the  operator  should 
take  great  care  not  to  inhale  the  arsenical  vapors,  on 
which  account  the  experiment  must  not  be  conducted 
in  the  laboratory,  but  under  the  hood  of  the  furnace 
opening  into  the  chimney-flue.  Nearly  all  the  arsenic 
found  in  nature,  under  the  name  of  native  arsenic,  con- 
tains small  quantities  of  antimony,  which  may  he  deter- 
mined by  the  previous  method. 

When,  however,  antimony  and  arsenic  exist  in  solu- 
tion, or  when  the  two  metals  being  combined  in  the 
solid  state  are  united  with  other  substances,  so  that 
the  method  which  has  just  been  described  cannot  he 
employed,  another  process  must  be  adopted  to  separate 
them  from  each  other.  The  solution  is  diluted  with 
a sufficient  quantity  of  water,  after  having  added  tar- 
taric acid  thereto,  without  which  precaution  the  addi- 
tion of  water  would  render  it  milky. 

If  the  combination  under  examination  consists  of 
metals  in  the  reguline  state,  it  is  dissolved  in  aqua  regia, 
tartaric  acid  is  poured  into  the  solution,  and  water  is 
then  added.  A current  of  sulphide  of  hydrogen  is  next 
passed  through  the  liquor  to  saturation ; it  is  then  very 
gently  heated,  in  order  that  the  metallic  sulphide  maj 
settle  completely.  When  the  solution  contains  arsenic 
acid,  it  may  be  easily  perceived  that  the  first  precipitate 
formed  is  sulphide  of  antimony,  and  it  is  only  after 
some  time  that  the  sulphide  of  arsenic  falls  down,  so 
that  at  first  a layer  of  an  orange-red  color  is  deposited, 
which  is  covered  afterwards  by  another  layer  of  a light, 
yellow  color.  It  is  therefore  necessary,  before  filtering, 
to  mix  these  two  layers  well  together  by  stirring  with 
a glass  rod.  The  whole  is  then  filtered  through  a 
weighed  filter,  upon  which  the  sulphides  are  dried  at 
an  extremely  gentle  heat  until  their  weight  remains 
constant.  After  having  determined  the  weight  of  these 
sulphides,  a portion — about  half  of  it — is  shaken  down 
into  a glass,  the  remainder  is  very  gently  heated  again 
with  the  filter,  and  the  whole  is  weighed  for  the  pur- 
pose of  ascertaining  the  weight  of  the  portion  about  to 
be  operated  upon.  The  portion  in  the  glass  is  to  he 
treated  very  cautiously  with  aqua  regia  till  the  sulphides 
are  oxidized. 

Tartaric  acid  is  then  added  to  the  solution,  which  is 
to  be  diluted  with  water.  If  any  sulphur  has  separated, 
it  must  he  filtered  from  the  hquor,  and  its  quantity 
ascertained.  Chloride  of  barium  is  now  poured  into 
the  filtrate,  to  precipitate  the  sulphuric  acid  which  has 
been  formed.  From  the  weight  of  sulphate  of  baryta, 
that  of  the  sulphur  which  it  contains  is  calculated,  and 
the  portion  of  sulphur  which  has  not  been  oxidized  by 
the  aqua  regia  is  added  to  the  quantity  previously  de- 
termined. The  whole  of  the  sulphur  contained  in  a 
given  weight  of  metallic  sulphide  having  thus  been 
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deteimined,  it  is  easy  to  deduce  therefrom  the  collective 
weight  of  the  antimony  and  arsenic. 

The  quantity  of  antimony  is  determined  in  another 
portion  of  the  mixed  sidphides,  in  the  same  manner 
as  directed  for  that  metal  in  the  preceding  page. 
When  the  amount  of  antimony  and  sulphur  are  known, 
the  arsenic  is  easily  found  by  deducting  the  united 
weights  of  those  two  bodies  from  the  quantity  of  the 
mixed  sulphides  taken ; the  difference  is  the  weight  of 
the  arsenic. 

Lkvol  estimates  the  arsenic  which  may  be  alloyed 
with  copper  and  tin  in  bronzes,  as  follows; — Having 
dissolved  the  compound  in  hydrochloric  acid  and  eva- 
porated to  dryness,  nitric  acid  is  added,  and  the  whole 
heated,  which  renders  the  tin,  in  the  form  of  binoxide 
or  stannic  acid,  insoluble,  and  the  arsenious  acid  par- 
tially remains  with  it.  The  precipitate  is  dried  and 
reduced  by  hydrogen  gas.  The  reduction  takes  place 
at  a dull  red  heat,  the  gi’eater  part  of  the  arsenic  being 
separated  by  sublimation ; a small  quantity  still  re- 
mains with  the  tin,  but  this  is  removed  by  treating  the 
alloy  with  hydrochloric  acid,  which  dissolves  the  tin, 
leaving  the  other  constituent  undissolved.  The  com- 
pound may  also  be  acted  upon  by  zinc  and  sulphuric 
or  hydrochloric  acid,  by  which  treatment  the  whole  of 
the  arsenic  is  removed  in  the  form  of  gaseous  terhy- 
dride,  from  which  the  metal  may  be  abstracted,  and  its 
quantity  estimated  by  transmitting  the  gas  through  a 
solution  of  protoxide  of  tin,  of  known  strength,  at  a 
slightly  elevated  temperature — the  arsenic  is  taken  up 
by  the  tin,  and  may  be  found  by  the  increase  of  the 
weight  of  the  latter.  A solution  of  tin  in  cold  weak 
nitric  acid,  appeared  to  Levol  to  be  the  most  effectual 
for  collecting  the  arsenic ; the  soluble  protosalt  thus 
formed  readily  comes  in  contact  with  the  molecules  of 
the  arsenic,  and  when  the  temperature  of  the  liquid  is 
raised  to  convert  the  protoxide  of  tin  into  peroxide, 
the  latter  seizes  on  the  arsenic  and  carries  it  down  as 
it  precipitates. 

If  arsenious  and  arsenic  acids  are  present,  they  may 
be  thus  determined.  The  solution  of  the  two  acids  is 
divided  into  equal  parts;  one  part  is  treated  with  a 
stream  of  sulphide  of  hydrogen,  and  the  second  portion 
reserved  for  further  operations.  The  sulphide  of  arsenic 
which  falls  is  collected,  dried  at  212°  Fahr.,  and  weighed, 
after  which  the  amount  of  sulphur  is  determined  as 
before  specified. 

A solution  of  indigo,  together  with  a quantity  of 
hydrochloric  acid,  is  poured  into  the  second  portion ; a 
weighed  quantity  of  hjq>ochlorite  of  lime  is  next  taken, 
and  dissolved  in  a definite  measure  of  tepid  distilled 
water,  and  the  solution  subsequently  dropped  from  a 
burette  into  the  arsenical  colored  liquid,  till  the  blue  of 
the  indigo  disappears.  By  knowing  the  weight  or 
volume,  together  with  the  strength,  of  the  liquid  em- 
ployed, the  chlorme  required  to  effect  the  oxiffation  of 
the  arsenious  acid  is  calculated.  The  principle  of  the 
decomposition  of  the  hypochlorite  of  lime  by  the  hydro- 
chloric acid,  is  the  annexed : — 

Ca  + H Cl  = Cl  -f  Ca  Cl  + H 0 

Ifypoclilorite  Hydrochloric  c],]o,.;nn  Chloride  of  calcium 
oflime.  acid.  * and  water. 


Or, 


Ca  Cl,  Ca  0,  Cl  0 + 2 H Cl  = 2 Ca  Cl 

Sydro 
ac 

+ 


Hypochlorite  of 
lime. 


Hydrochlorio 

acid. 


2 Cl 


2H0 

Water,  Chlorine. 

And  the  oxidation  of  the  arsenious  acid  by  the  liberated 
chlorine  is  shown  in  the  following  equation : — 

As  O3  + 2 Cl  + 2 H 0 = As  Og  + 2 H Cl 

Arsenious  acid.  Chlorine.  Water.  Arsenic  acid.  Hydrochloric  acid. 


On  calculating  the  quantity  of  arsenious  acid  found, 
and  deducting  it  from  the  total  weight  of  arsenic  in- 
directly ascertained  by  the  foregoing  analysis,  the  differ- 
ence in  weight  is  the  arsenic  present  in  the  form  of 
arsenic  acid. 

BALSAM  S.-^Baumes,  French ; balsame,  German. — 
This  term  was  formerly  applied  to  all  liquid  vege- 
tal resins,  as  well  as  to  a great  number  of  pharma- 
ceutical preparations.  To  avoid  confusion,  the  French 
chemists  confine  the  term  balsam  to  vegetal  substances 
composed  of  benzoic  acid  with  more  or  less  volatile 
oil.  But  as  this  would  exclude  copaiba  and  some 
other  substances,  popularly  called  balsams,  most  of  the 
German  chemists  retain  the  old  acceptation,  and  divide 
balsams  into  those  which  do  not,  and  those  which  do, 
contain  that  acid.  To  the  former,  which  are  also 
called  oleo-resins,  liquid  resins,  terebinthinates,  belong 
the  different  turpentines,  including  Canada  balsam, 
copaiba,  and  opobalsamum,  or  Mecca  balsam:  they 
are  semi-liquid,  resinous,  or  glutinous  juices,  which  flow 
spontaneously,  or  by  mcisions,  from  various  vegetals, 
especially  those  belonging  to  the  orders  Coniferse,  Tere- 
binthaceae,  and  Leguminosse.  They  have  a hot  and 
acrid  taste,  and  a strong  odor,  which,  in  some,  is  very 
fragrant,  in  others  less  agreeable,  but  peculiar.  They 
consist  of  a volatile  oil  and  resin.  Their  odor,  their 
semi-liquidity,  and  most  of  their  medicinal  activity,  are 
owing  to  the  oil  which  they  contain;  this  may  be  pro- 
cured from  them  by  distillation,  and  volatilizes  by  ex- 
posure to  air,  whereby  they  become  hard.  From  the 
next,  or  true  balsams,  they  may  be  readily  distinguished 
by  not  yielding  benzoic  acid.  Those  balsams  which 
contain  benzoic  acid,  or  balsams  properly  so  called,  are 
solid,  soft,  or  liquid  substances,  according  to  the  quantity 
of  volatile  oil  in  their  composition;  they  have  an  aro- 
matic, usually  agreeable  odor,  and  a warm  acrid  taste. 
They  dissolve  in  alcohol,  and  the  solution,  when  mixed 
with  water,  becomes  milky,  owing  to  the  precipitation 
of  resin.  By  sublimation,  as  well  as  by  other  methods, 
they  afford  benzoic  acid,  from  which  they  derive  their 
physical  effects.  They  are  procured  chiefly  from  the 
orders  Styraceae,  Leguminosse,  and  Balsamacese.  To 
this  class  belong  benzoin,  styrax  or  storax,  Tolu  and 
Peru  balsam,  dragon’s-blood,  and  liquidambar. 

The  class  of  bodies  comprehended  under  the  general 
name  of  balsams,  has  not  been  forgotten  in  that  active 
investigation  of  organic  bodies  to  which  several  che- 
mists have,  with  peculiar  predilection,  devoted  them- 
selves, especially  since  the  discovery  of  easier  and  more 
certain  methods  of  research,  than  those  formerly  known, 
have  removed  the  chief  difficulties. 

A strict  examination  of  the  substances  has  been 
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necessary,  as  the  knowledge  of  them  given  in  scientific 
works  did  not  correspond  with  the  advanced  state  of 
chemistry.  In  former  times,  the  analyses  of  the  bal- 
sams were  purely  qualitative;  everything  crystalline, 
and  which  united  with  a base,  was  considered  as 
benzoic  acid;  those  which  did  not  enter  into  union 
were  described  as  camphor.  If,  on  distillation,  a 
volatile  fluid  passed  over,  it  was  deemed  sufficient  to 
state  that  the  substance  contained  also  a volatile  oil. 
In  the  present  advanced  state  of  analysis,  greater  pre- 
cision is  required,  and  every  constituent  of  a compound 
is  submitted  to  careful  investigation. 

CANADA  BALSAM. — This  is  a turpentine  from 
the  bahn  of  Gilead  fir — abies  halsamea.  It  is  slightly 
yellow,  transparent,  possesses  an  agreeable  terebinthic 
odor,  and  an  acrid  taste.  When  fresh,  it  flows  readily, 
but  in  time  solidifies.  Bonastre  analysed  this  balsam, 
and  found  the  following : — - 

Centesimally  represented. 

Essential  oil, 18'600 

Eesin,  soluble  m alcohol, 40'000 

Resin,  difficultly  soluble, SS-tOO 

Elastic  resin, 4-000 

Bitter  extractive  and  sails, 4-000 

100-000 

COPAIBA  BALSAM  is  obtained  from  incisions 
made  in  the  trunk  of  the  Copaifera  officinalis,  a tree 
which  grows  in  the  Brazils  and  Cayenne.  It  is  of  a 
light  yellow  color,  rather  liquid,  transparent ; has  a 
bitter,  sharp,  burning  taste,  a suffocating  and  unpleasant 
smell;  specific  gravity  0-050  to  0'996;  soluble  in  abso- 
lute alcohol,  partially  dissolved  by  spirit  of  wine,  and 
gives,  with  alkalies,  crystalline  compounds.  It  dissolves 
with  the  aid  of  a gentle  heat  one-fourth  its  weight  of 
carbonate  of  magnesia,  and  remains  translucent.  The 
analysis  yields  the  annexed : — 

Centesimally  represented. 


Volatile  oil, '. 38-00 

Copaivic  acid, 52-75. 

Brown  soft  resin, 1-66 

Water  and  loss, 7-59 


100-00 

The  oil  contains  no  oxygen,  has  a composition  like  oil 
of  turpentine,  and,  according  to-  Durand,  dissolves 
caoutchouc. 

Copaiba  balsam  is  used  for  making  paper  transparent, 
for  certain  lacquers,  and  in  medicine.  In  the  latter, 
Pereira  preferred  the  oil  to  any  preparation  of  the 
balsam.  Simon  remarks  that  the  genuineness  of 
copaiba  balsam  is  frequently  tested  by  mixing  three 
parts  of  it  with  one  part  of  ammonia,  specific  gravity 
0'96 ; if  the  mixture  be  rendered  clear  by  agitation, 
the  balsam  is  usually  considered  genuine ; but  if 
to  this  balsam  the  sixth  part  of  oil  of  juniper  be 
added,  it  behaves  with  ammonia  precisely  as  if  none 
of  the  jimiper  oil  were  present,  which  proves  the  insuffi- 
ciency of  the  above  test.  The  same  chemist  further 
adds : — Of  late  there  has  frequently  appeared  in  com- 
merce, a balsam  which  will  not  at  all  bear  the  above 
test  -with  ammonia ; much  trouble  has  been  taken  to 
detect  any  adulteration  in  this,  but  it  is  perfectly 
genuine.  It  contains  from  twenty  to  twenty-five  per 
cent,  more  essential  oil,  which  renders  it  more  liquid. 


but  the  oils  from  both  kinds  of  balsam  are  identical  in 
odor,  and  in  all  other  properties;  the  residuous  resin 
in  both  kinds  becomes  equally  hard  and  brittle,  which 
entirely  does  away  with  the  supposition  of  its  having 
been  sophisticated  with  any  fat  oil:  the  two  resins, 
; however,  difier ; the  one  affording  a soapy  combination 
*with  caustic  alkalies,  which  the  resin  of  the  new 
! balsam-  does  not. 

' The  different  sorts  of  balsam  of  copaiba  hitherto 
found  in  commerce,  are  characterized  by  the  presence 
of  an  acid — copaivic  acid — in  consequence  of  which,  if 
mixed  in  proper  proportions  with  solutions  of  potassa 
or  ammonia,  they  form  therewith  a more  or  less  clear 
hquid,  crystals  of  ammoniacal  salt  precipitating  from 
the  latter  after  some  time.  Hitherto,  if  this  reaction 
did  not  take  place,  the  balsam  has  been  supposed  to  be 
adulterated  with  fixed  oils,  turpentine,  et  cetera. 

Recently,  however,  as  just  observed,  a balsam  has 
been  introduced  into  commerce  which  does  not  show 
this  reaction,  and  is,  notwithstanding,  unadulterated. 
This  kind:  was  imported  into  London  by  one  of  the 
most  respectable  firms  there,  and  was  accompanied 
with  the  assurance  that  the  article  was  not  sophisti- 
cated, and  came  originally  from  the  Brazils.  The 
statement  was  supported  by  analysis,  and  the  conclu- 
sion to  be  drawn  therefrom  is,  that  some  species  of 
Copaifera,  or  some  allied  genus,  yields  a balsam, 
greatly  resembling  the  ordinary  balsam  of  copaiba,  and 
yet  essentially  differing  from  it  in  its  nature. 

The  balsam  in  question  is  thimier,  and  of  a lighter 
yellow  color  than  the  common  kind,  so  that  it  is  strik- 
ingly distinguished  from  the  latter  by  this  character. 
It  possesses  the  disagreeable  smell  of  the  balsam  of 
copaiba,,  and  the  peculiar  persistent  taste,  in  perfect 
purity.  The  specific  gravity  is  0'94.  Mixed  with 
solutions  of  potassa  or  ammonia,  it  remains  in  all  pro- 
portions turbid,  and  never  forms  a saponaceous  mixture 
with  them;  after  some  time  it  again  separates  from 
these  liquids.  In  alcohol  it  does  not  perfectly  dissolve, 
like  the  ordinary  copaiba  balsam,,  but  forms  with  it  a 
milky  liquid.  This  originates  from  a resin  contained 
in  it,  which  does  not  dissolve  in  alcohol.  It  contains 
eighty-two  per  cent,  of  oil,  and  eighteen  per  cent,  of 
resin. 

In  order  to  obtain  the  volatile  oil  in  a pure  state,  the 
balsam  was  distilled  with  the  addition  of  water.  By 
this  process,  one  part  of  oil  and  about  thirty-two 
parts  of  water  were  obtained.  The  distilled  oil  was 
subjected  to  distillation  -with  a fresh  addition  of  water, 
and  the  oil  thus  procured,  which  was  clear,  was 
dried  by  chloride  of  calcium.  It  is  thick,  colorless, 
has  a strong  and  pure  copaiba  smell,  and  an  acrid, 
burning  taste.  Its  specific  gravity  is  0'91 ; the  boihng 
point  is  at  485°  Fahr.  The  boiling  oil  readily  becomes 
decomposed  by  the  heat : it  assumes  a yellowish  color, 
becomes  viscid,  then  brown,  thick,  and  glutinous,  and 
at  last  is  perfectly  decomposed,  whilst  carbon  is  sepa- 
rated; hence  the  specific  gi'avity  of  the  vapor  could 
not  he  determined.  With  ether  it  can  be  mixed  in  all 
proportions,  but  not  so  with  absolute  alcohol,  of  which 
a rather  large  quantity  is  required  for  its  complete  solu- 
tion. In  common  alcohol  it  dissolves  with  great  diffi- 
culty ; if  dry  ammoniacal  gas  be  passed  into  it,  it 


224 


BALSAMS Opobalsam. 


rapidly  absorbs  it,  and  enters  into  combination,  forming 
a reddish-brown  fluid,  which,  if  saturated,  fumes  in  the 
air.  Neither  by  leaving  it  at  rest,  nor  by  cooling  it, 
could  a crystallizable  compound  be  obtained  from  tliis 
solution. 

According  to  an  analysis  of  this  oil,  it  belongs  to  the 
carbide  of  hydrogen  oils,  being  free  from  oxygen,  and 
is  composed  after  the  general  formula,  Cj^  Hg.  It  is 
distinguished  from  ordinary  oil  of  copaiba  by  its  visci- 
dity, by  its  behavior  with  alcohol  and  ammoniacal  gas, 
and  by  its  boihng  point,  and  resembles  it  only  in  smell. 
It  may  be  denominated  Paracopaiba  oil.  Nitric  acid, 
of  1’32  specific  gravity,  produces  no  reaction  at  common 
temperatures.  If,  however,  it  be  heated,  a violent 
reaction  takes  place,  and  the  oil  is  converted  into  a 
resinous  substance.  If  diluted  nitric  acid  be  employed, 
the  mixture  boils  quietly,  "without  coming  over,  and 
"within  a few  days  the  oil  dissolves  perfectly  in  the 
liquid.  At  the  same  time,  nitrous  acid,  carbonic  acid, 
and  volatile  peculiar  acids,  are  eliminated,  which  form, 
"with  acetate  of  lead,  a precipitate,  but  which  have  not 
been  further  examined.  The  residue  being  evaporated, 
and  diluted  "with  water,  yields  an  acid  resin  not  affected 
by  nitric  acid,  and  a crystallizable  acid,  which  remains 
in  solution,  whilst  the  former  is  precipitated.  This 
resin  is  of  a yellowish-red  color,  dissolves  in  some  de- 
gree in  boiling  water,  and  forms  again  a milky  precipi- 
tate when  cold.  In  ether  and  alcohol  it  dissolves  with 
facility,  and  from  the  spiritous  solution  small  resinous 
crystals  are  afterwards  precipitated.  It  has  a strong 
acid  reaction,  and  forms,  "with  potassa  or  ammonia,  red 
neutral  compounds,  which  are  soluble  in  water. 

The  acid  which  is  obtained  after  the  evaporated  nitric 
acid  solution  of  the  oil  has  been  freed  from  the  resin 
just  described,  by  the  admixture  of  water,  crystallizes  in 
thin,  transparent,  colorless  laminae.  It  dissolves  easily 
in  water,  spirit  of  "wine,  ether,  and  petroleum,  is  in- 
odorous and  bitter,  and  has  a slight  acid  reaction. 
Although  a great  quantity  of  volatile  oil  had  been  em- 
ployed, only  a small  quantity  of  acid  was  obtained, 
which  was  not  sufficient  for  further  experiments. 

Fuming  nitric  acid  detonates  with  the  paracopaiba 
oil  "without  the  application  of  heat ; iodine,  however,  is 
dissolved  by  it,  without  effecting  any  brisk  reaction. 
Chlorine  produces  a violent  disturbance,  hydrochloric 
acid  vapor  escapes,  and  the  mass  becomes  yellow  and 
viscid;  strong  sulphuric  acid  induces  a deep  violet 
color. 

The  difference  between  the  resins  of  the  two  sorts  of 
balsam  of  copaiba  is  still  greater  than  that  between  the 
volatile  oils. 

In  order  to  obtain  the  resins  in  a pure  state,  the 
balsams — freed  by  distillation  "with  water  from  the 
greater  part  of  the  volatile  oil — were  further  boiled 
with  water,  till  at  last  every  trace  of  smell  had  dis- 
appeared. A light-bro"wn  brittle  substance  remained, 
which  consisted  of  two  distinct  resins,  but  both  abso- 
lutely mdifferent.  They  can  easily  be  separated  from 
one  another  by  alcohol,  in  "which  one  dissolves  "with 
great  facility,  whilst  the  other  is  scarcely  soluble,  even 
when  the  alcohol  is  absolute  and  hot. 

The  resin  soluble  in  alcohol  constitutes  the  greater 
proportion,  and  can  be  obtained  in  a pure  state  by  re- 


peated solution  in  this  menstruum;  the  other  resin 
wholly  remains  behind.  The  former  is  of  a light- 
yellow  color,  not  friable  in  the  cold,  softens  at  a gentle 
heat,  and  is  decomposed  if  the  temperature  be  slightly 
increased ; at  the  same  time  it  assumes  a deeper  color, 
and  becomes  a "viscid  fluid.  In  weak  boiling  spirit  it 
dissolves,  but  precipitates  again  for  the  most  part  in 
the  cold,  in  the  form  of  white  flakes.  In  concentrated 
alcohol  it  readily  dissolves  also  in  the  cold ; equally  so 
in  ether  and  petroleum.  The  alcohohc  solution  has  no 
acid  reaction,  and  if  left  at  rest  the  resin  precipitates, 
in  proportion  as  the  alcohol  evaporates,  in  small  drops 
which  betray  no  trace  of  a crystalline  texture.  With 
acetate  of  copper  no  precipitate  is  formed ; in  solutions 
of  potassa  or  ammonia  it  does  not  dissolve. 

Two  analyses  gave  the  annexed  results : — 

Centesimally  represented. 


Carbon, 59-98  ....  60-06 

Hydrogen, 8-48  8-27 

Oxygen, 31-54 31-67 


100-00  100-00 

The  resin  insoluble  in  alcohol  remains  after  the  pre- 
paration of  the  first.  It  should  be  boiled  again  several 
times  in  absolute  alcohol,  in  order  to  obtain  it  perfectly 
pure.  During  this  process  its  quantity  considerably 
diminishes ; it  is  then  to  be  dissolved  in  ether,  and  the 
solution  filtered  and  heated  for  some  time  on  the  water- 
bath,  in  order  to  expel  the  last  traces  of  solvent. 

It  possesses  the  same  color  as  the  first,  does  not  dis- 
solve in  dilute  alcohol,  is  soluble  only  with  difficulty  in 
boihng  absolute  alcohol,  and  when  cold,  again  precipi- 
tates for  the  most  part  from  this  solution.  In  ether 
and  petroleum  it  readily  dissolves.  The  solution  has 
not  an  acid  reaction,  and  no  crystals  could  be  obtained 
from  it.  In  a solution  of  potassa  or  ammonia  it  is  per- 
fectly insoluble  ; if  boiled  "with  it,  it  forms  a milky  tur- 
bid mixture;  the  resin,  however,  precipitates  again, 
perfectly,  when  at  rest.  With  acetate  of  copper,  a 
slight  precipitate  is  formed.  It  melts  with  difficulty. 

The  elementary  analyses  of  two  samples  prepared  in 
different  ways,  gave  the  following : — 


Composition  per  cent 

Carbon, 81-76 82-12 

Hydrogen, 10-56 10-48 

Oxygen, 7-68  ....  7-40 


100-00  100-00 

The  analyses  were  performed  "with  oxide  of  copper 
and  chlorate  of  potassa,  for  without  the  addition  of  the  I 
latter  no  perfect  combustion  could  be  effected. 

OPOBALSAM. — Balm  of  Gilead — Mecca  Bal- 
sam.— This  is  a whitish,  turbid  liquid,  flo"wing  from 
incisions  made  in  the  Balsamodendron  Opobalsamuni, 
or  Beshan  of  Arabia.  It  is  very  odorous,  and  on  ex- 
posure resinifies.  The  analysis  gives 

Centesimaliy. 


Volatile  oil, 30-00 

Soft  resin,  insoluble  in  alcohol, 4-00 

Hard  resin,  soluble  in  alcohol, 64-00 

Extractive, 0-40 

Loss, 1-60 


100-00 

Its  physiological  effects  are  believed  to  be  similar  to 
those  of  balsam  of  copaiba  and  the  liquid  turpentines. 
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It  is  never  employed  by  Europeans,  but  the  Asiatics 
use  it  for  its  odoriferous  as  weU  as  its  medicinal  quali- 
ties, and  they  have  ascribed  to  it  the  most  wonderful 
properties. 

BENZOIN,  OK  Gum  Benjamin. — Benzoin,  French; 
Benzde,  German. — Benzoin  is  improperly  called  a gum, 
as  it  ranks  among  balsams.  It  is  a species  of  resin,  and 
is  used  chiefly  in  perfumery.  It  is  extracted  by  incision 
from  the  trunk  and  branches  of  the  Styrax  benzoin,  or 
Liihocarpus  benzoin,  which  grows  in  Java,  Sumatra, 
and  in  the  kingdom  of  Siam.  The  plant  belongs  to 
the  Decandria  monogynia  of  Linnzeus,  and  the  natural 
family  of  the  Ebenacese.  The  bark  of  the  six  year  old 
tree  is  sht  to  allow  a liquid  to  flow  out,  which  concretes 
by  exposure  to  the  sun  and  ah’,  and  is  imported  in 
brittle  masses,  the  fracture  of  which  presents  a mixture 
of  red,  brown,  and  white  grains  of  various  sizes;  when 
white,  and  of  a cei’tain  shape,  they  are  called  amygda- 
loid, from  their  resemblance  to  almonds.  The  sorted 
benzom  is,  on  the  other  hand,  very  impure. 

Its  fracture  is  conchoidal,  and  its  lustre  greasy : its 
specific  gravity  varies  from  1’063  to  1’092.  The  smell 
is  agreeable,  somewhat  hke  vaniUa,  which  is  most  mani- 
fest when  it  is  ground.  It  enters  into  fusion  at  a gentle 
heat,  and  then  exhales  a white  smoke,  which  may  be 
condensed  into  the  acicular  crystals  of  benzoic  acid,  of 
which  it  contains  eighteen  parts  in  the  hundred.  The 
following  is  a good  process  for  extracting  the  acid: 
The  resin  is  to  be  dissolved  in  three  parts  of  alcohol,  the 
menstruum  introduced  into  a retort,  and  a solution  oi 
carbonate  of  soda  dissolved  in  dilute  alcohol  gradually 
added  to  it,  till  the  free  acid  be  neutralised;  then  a 
bulk  of  water,  equal  to  double  the  weight  of  the  ben- 
zoin, is  to  be  poured  in.  The  alcohol  being  di'awn  off 
by  distillation,  the  remaining  liquor  contains  the  acid, 
and  the  resin  floating  upon  it  may  be  slummed  off  and 
washed,  when  its  weight  will  be  found  to  amount  to 
about  eighty  per  cent,  of  the  raw  material.  The  ben- 
zoin contains  traces  of  a volatile  oil,  and  a substance 
soluble  in  water,  at  least  through  the  agency  of  carbo- 
nate of  potassa.  Ether  does  not  dissolve  benzoin 
completely.  The  fat  and  volatile  oils  dissolve  very 
little. 

The  benzoin  of  Siam,  which  has  been  recently  intro- 
duced into  commerce,  consists  of  agglutinated,  broad, 
laminar  pieces,  and  does  not  essentially  differ  from 
the  preceding.  From  some  experiments  which  Wac- 
KENRODER  has  made  with  it,  flve  per  cent,  of  benzoic 
acid  might  be  extracted  from  it  by  treatment  with 
carbonate  of  soda ; and  the  residue  aflbrded,  on  being 
boiled  with  hydrate  of  hme  and  much  water,  four  per 
cent,  more  of  pure  benzoic  acid.  There  is,  therefore, 
a difference  between  this  benzoin  and  the  other  kmds 
previously  known,  in  the  amount  of  acid. 

The  several  sorts  of  benzoin  met  with  may  be  con- 
veniently arranged  imder  two  heads,  videlicet — Siam 
benzoin  and  Sumatra  benzoin.  Pereira  states  that 
Siam  benzoin  is  brought  to  England,  either  direct  from 
Siam,  or  indirectly,  by  way  of  Singapore.  It  includes 
the  best  commercial  sorts,  or  those  known  commer- 
cially as  benzoin  of  the  finest  quality.  It  occurs  in 
tears,  in  irregular  lumps,  and  in  cubical  blocks;  but, 
imlike  the  Sumatra,  it  never  comes  over  enveloped 
VOL.  I. 


in  calico.  It  is  in  general  distinguished  from  the  other 
kinds  by  its  warmer  or  richer  tints.  The  dealers  dis- 
tinguish five  or  six  qualities,  the  three  best  sorts  being 
included  under  the  name  of  yellow  Siam  benzoin,  and 
the  two  or  three  inferior  kinds  being  called  red  or 
brown  Siam  benzoin.  The  designations  yellow,  red,  or 
bro'svn,  are  used  according  to  the  tint  of  the  resin  by 
which  the  tears  are  agglutinated ; but  this  division  is 
altogether  arbitrary,  the  colors  passing  indefinitely  into 
one  another. 

Siam  Benzoin  in  tears. — Benzoinum  Siamense  in 
lachrymis,  Latin;  yellow  benzoin  in  the  tear. — This 
kind  seems  to  be  identical  with  the  true  benzoin  in 
tears,  which  Savary  says  was  brought  in  considerable 
quantity  to  Paris  by  the  attendants  of  the  Siamese 
ambassadors.  It  consists  of  irregular  flattened  pieces, 
some  of  which  are  angular,  and  the  largest  of  them 
barely  exceeding  an  inch  in  length.  Externally,  these 
pieces  are  shiny  or  dusty  from  their  mutual  friction, 
and  are  of  an  amber  or  reddish-yeUow  color ; they  are 
brittle,  and  may  be  easily  rubbed  to  powder.  Inter- 
nally, they  are  translucent  or  milky,  and  frequently 
striped;  they  have  a pleasant  odor,  but  little  or  no 
taste.  There  is  an  inferior  sort  in  tears,  which  consiste 
of  loose  drops,  mixed  with  pieces  of  wood  and  other 
impurities.  It  is  worth  only  one-fourth  of  the  price 
of  clean  good-sized  tears,  or  clean  lump. 

Siam  or  Lump  Benzoin. — Benzoinum  Siamense  in 
massis,  Latin. — The  finest  kind  con^sts  of  agglutinated 
tears,  white  or  yellow  lump  benzoin.  More  commonly 
the  tears  are  connected  together  by  a brown  resiniform 
mass,  which,  when  broken,  presents  an  amygdaloid  ap- 
pearance, from  the  white  tears  embedded  in  the  mass — 
amygdaloid  benzoin. 

Inferior  sorts  of  lump  benzom  are  reddish — red  lump 
benzoin. 

Translucent  Benzoin. — Dr.  Royle  furnished  Dr. 
Pereira  with  a sample  of  Siam  benzom,  with  pro- 
perties somewhat  different  from  the  preceding.  The 
small  masses  consisted  of  agglomerated  tears,  which, 
instead  of  being  white  and  opaque,  were  translucent, 
or,  in  a few  instances,  almost  transparent. 

Sumatra  Benzoin. — Benzoinum  ex  Sumatra,  Latin. 
Though  placed  here  second,  this  sort  is  the  more 
important,  being  in  many  coimtries  the  only  kind 
known.  It  is  rarely  imported  directly  from  Sumatra, 
but,  in  general,  indirectly  by  way  of  Singapore  or  Bom- 
bay, and  now  and  then  from  Calcutta.  Hence  it  is 
sometimes  called  Calcutta  benzom,  though  this  port  is 
out  of  the  usual  course. 

It  occurs  in  large  rectangular  blocks,  marked  with 
the  impression  of  a mat,  and  covered  with  white  cotton 
cloth.  When  broken,  but  few  large  white  tears  can  be 
observed  in  it.  The  mass  is  prmcipally  made  up  of  a 
brown  resinfform  matter,  with  numerous  white  small 
pieces  of  chips  intermixed,  which  give  to  tlie  broken 
surface  a speckled  appearance,  like  that  of  a fine- 
grained granite. 

Wackenroder  obtained  nine  per  cent,  of  benzoic 
acid  from  the  benzoin  of  Siam. 

The  qualities  of  Sumatra  benzoin  are  distinguished 
as  firsts,  seconds,  and  thirds. 

The  first  sort  occurs  vei’j'  seldom,  and  only  b}'^  single 
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chests,  for  which  £50  or  more  the  hundredweight  are 
paid,  for  the  Kussian  market. 

The  second  sort  is  marbly,  but  not  so  white ; and  is 
also  mostly  taken  for  the  Eussian  market,  at  £20  to 
£30  the  hundredweight.  Thirty  chests  of  this  sort, 
perhaps,  are  seen  before  one  of  the  first  quality  is  met 
with. 

The  third  sort  is  browner,  and  less  or  not  at  all 
marbly.  It  fetches  from  £9  to  £15  per  hundredweight, 
and  forms  the  usual  commercial  quality.  Five  times 
as  much  of  this  are  met  with  as  of  aU  the  other  sorts 
put  together. 

There  is  a very  inferior  sort  of  benzoin — inferior 
Bombay  benzoin — which  invariably  comes  by  way  of 


Bacholz. 

Benzoic  acid, 

T>  . f yellow,  soluble  in  ether,  I 
\ brown,  insoluble  in  ether,  j" 

83-3 

Matter  like  balsam  of  Peru, 

1-7 

0-5 

Ligneous  matter  and  other  impurities ,. . . . 
Water  and  loss, 

2-0 

Salts,  benzoates,  and  phosphates, 

— 

Benzoin, 

....  100-0 

Benzoin,  in  its  physiological  effects,  is  similar  to  the 
other  balsams ; it  is  therefore  used  with  advantage  in 
chronic  pulmonary  catarrhs. 

Unverdokben  found  in  benzoin,  besides  benzoic 
acid,  no  less  than  three  different  kinds  of  resin ; none 
of  which  has,  however,  been  turned  to  any  use  in  the 
arts  Annexed  are  his  results  • — 

Centesimally  represented. 


Benzoic  acid, 14-5  ....  14-0 

Resin,  soluble  in  ether, 48'0  ....  52-0 

Resin,  soluble  in  alcohol  only, 28'0  ....  25'0 

Resin,  soluble  in  carbonate  of  soda,  3u5  ....  3‘0 

Brown  resin,  deposited  by  ether,  . . 0-5  0-8 

Impurities, 5'5  ....  5’2 


100-0  100-0 

According  to  Kopp’s  researches,  benzoin  resin,  sub- 
jected to  distillation,  is  resolved  into  carbon,  carbide  of 
hydrogen,  water,  carbolic  and  benzoic  acids.  Thus, 
four  equivalents  of  the  resin — Hjj  0^  = Cg„  Ojg 
— produce — 


3 Eqs.  benzoic  acid, 

O12 

1 Eq.  carbolic  acid, 

0,2 

He 

0, 

8 Eqs.  carbon, 

Cg 

O2 

2 Eqs.  water, 

H, 

18  Eqs.  olefiant  gas, 

His 

Ogo 

H44 

O16 

Benzoin  is  of  great  use  in  perfumery,  as  it  enters 
into  a number  of  preparations ; among  which  may  be 
mentioned  fumigating  pastilles  and  cloves,  poudre  a la 
marechale,  et  cetera.  The  alcoholic  tincture,  mixed 
with  water,  forms  virginal  milk.  It  enters  also  into 
the  composition  of  certain  varnishes  employed  for 
snuff-boxes  and  walking-sticks,  to  give  these  articles  an 
agreeable  smell  when  they  become  heated  in  the  hand. 
It  is  likewise  added  to  the  spiritous  solution  of  isinglass, 
with  which  the  best  court-plaster  is  made. 

The  chief  use  of  benzoin  is  in  yielding  benzoic 


Bombay.  If  it  be  the  produce  of  Sumatra,  it  is 
remarkable  that  it  never  comes  by  way  of  Singapore. 

Benzoin  is  sometimes  imported  into  England  direct 
from  Siam  and  Sumatra ; but  usually  indirectly  from 
Singapore,  Bombay,  Penang,  Calcutta,  Madras,  Bata- 
via, et  cetera.  The  greater  part  is  re-exported  for  use 
in  the  ceremonies  of  the  Greek  and  Catholic  Churches. 
In  1839  only  one  hundred  and  eight  hundredweight 
paid  duty. 

This  balsam  has  repeatedly  been  the  subject  of  chemi- 
cal analysis.  It  was  analyzed  in  1811  by  Bucholz, 
in  1816  by  John,  in  1823  by  Stoltze,  and  in  1845 
by  Kopp.  It  has  also  been  examined  by  Brande, 


Unverdorben, 

and  others 

— 

John* 

stoltze. 

White. 

Amygdaloid. 

Brown*  ■ 

traces  . . . . 

traces  .... 

traces 

....  12-0  .... 

19-80  . . . . 

19-42  .... 

19-70 

....  84-5  . . . . - 

f 79-83  

27-10  .... 

8-80 

1 0-25  .... 

50-53  .... 

69-73  1 

T-50 



0-25 

0-15 

....  2-00  .... 

. . . . 

2-60  .... 

1-45 

....  0-25  .... 

0-12  .... 

0-10  .... 

0-17 

....  0-75  .... 

— 

— 

— 

100-00 

100-00 

100-00 

100-00 

acid;  it  forms  a component  of  the  incense  burned 
during  the  ceremonies  of  the  Eoman  Catholic  Church, 
and  contributes  to  the  peculiar  fragrancy  of  the  per- 
fume. 

When  the  balsam  is  of  the  best  quality,  its  fracture 
has  the  appearance  of  white  marble ; but  this  kind  is 
seldom  encountered.  The  value  of  this  article  may 
be  judged  of  by  the  amount  of  benzoic  acid  it  yields ; 
when  good,  it  ought  to  give  fifteen  or  eighteen  per  cent. 

STOEAX  BALSAM  belongs  to  the  same  natural 
family  as  benzoin,  being  the  product  of  Styrax  offici- 
nalis, a handsome  shrub,  growing  in  the  Levant, 
Palestine,  Syria,  and  Greece,  and  cultivated  in  the 
Southern  parts  of  Europe.  The  storax  of  commerce 
comes  from  Asiatic  Turkey.  The  balsam  exudes  from 
incisions  through  the  bark;  and,  when  somewhat 
hardened,  constitutes  one  or  more  of  the  balsamic 
substances  known  by  druggists  under  the  name  of 
storax.  The  bodies  thus  denominated  are  very  nu- 
merous, and  of  variable  character  and  composition; 
they  are  for  the  most  part  artificial  compounds,  per- 
fectly dissimilar  from  any  of  the  genuine  varieties. 
Eeal  storax  is  extremely  rare.  It  occurs,  says  Brande, 
in  compact  masses,  of  a very  fragrant  odor,  and  of  a 
rich  brown  color,  interspersed  with  white  tears, 
whence  the  name  amygdaloid  styrax.  It  was  for- 
merly imported  enveloped  in  a monocotyledonous  leaf, 
under  the  name  of  cane  or  reed  styrax — styrax  cala- 
mita.  In  the  drug  market,  two  substances  are  gene- 
rally met  with  bearing  the  name  of  storax;  one  of 
them  is  called  styrax  liquidus ; it  is  usually  of  a black, 
brown,  or  grey  color,  and  generally  has  a disagreeable 
odor,  more  resembling  that  of  coal-tar  than  of  the 
balsam.  The  other  is  usually  labelled  styrax  calamita, 
and  is  a black,  brown,  or  purplish  article,  either  pul- 
verulent or  granular,  or  in  the  form  of  agglutinated 
lumps.  Some  of  it  is  said  to  consist  of  pulverized 
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decayed  wood,  imbued  with  a little  liquid  storax ; other 
samples  appear  to  be  fine  sawdust,  impregnated  either 
mth  coal-tar  or  something  analogous,  and  not  bearing 
the  remotest  similarity  to  the  genuine  balsam. 

Simon  first  showed  that  the  acid  found  in  storax, 
and  which  had  always  been  taken  for  benzoic  acid, 
possessed  all  the  properties  of  cinnamic  acid ; and  an 
analysis  of  the  silver  salt  by  Marchand  proved  the 
acid  to  be  the  latter.  Storax,  as  well  as  the  tree  pro- 
ducing it,  was  known  to  the  ancient  Greeks  and 
Eomans.  It  is  alluded  to  by  Hippocrates,  Theo- 
phrastus, and  Pliny. 

Pereira  states  that  he  has  met  with  two  kinds  of 
liquid  storax  in  the  shops ; one  is  opaque,  and  the  other 
pellucid.  He  thus  describes  them : — 

Opaque  Liquid  Storax. — This  is  imported  from 
Trieste  in  casks  or  barrels  holding  about  four  hundred- 
weight each.  It  is  opaque,  of  a grey  color,  has  the 
consistence  of  birdlime,  and  the  odor  of  storax,  but  fre- 
quently intermixed  with  a feeble  smell  of  benzol  or 
naphthahn. 

The  substance  met  with  in  the  shops,  and  sold  to 
perfumers  under  the  name  of  strained  storax — styrax 
colatus — is  prepared  from  liquid  storax,  by  heating  it 
until  the  water  with  which  it  is  usually  mixed  is  eva- 
porated, and  then  straining  it.  During  the  process,  it 
evolves  a very  fragrant  odor.  The  impurities  are  stones, 
sand,  et  cetera. 

In  consequence  of  Petiver’s  statement,  storax  has 
been  supposed  to  be  the  produce  of  a species  of  liquid 
ambar.  But  several  facts  are  unfavorable  to  this 
opinion: — Firstly:  Its  vanilla-like  odor  allies  it  to  the 
products  of  styrax  officinale,  and  at  the  same  time 
separates  it  from  all  authentic  products  ot  the  genus 
liquidambar.  Dr.  Wood,  for  example,  found  the 
genuine  juice  of  L.  styraciflua  very  different  to  that  of 
liquid  storax ; and  the  fluid  resin,  called  liquidambar, 
has  no  resemblance  to  it.  Secondly:  Marquart 
analyzed  a specunen  of  the  genuine  resin  of  L. 
altingia,  and  obtained  a volatile  oil  somewhat  like 
styrol,  and  a substance  similar  to  st5n:acm;  but  their 
composition  he  found  to  be  entirely  different ; for  while 
styracin  consists  of  024  11^2  02,  the  liquidambar  resin 
was  composed  of  Cje  H22  Oj. 

Pellucid  Liquid  Storax. — Storax  liquids  pur, 
Guibourt. — This  substance  was  sold  to  Dr.  Pereira 
under  the  name  of  balsam  or  balsam  storax;  and 
he  was  informed  that  it  had  been  imported  in  jars, 
each  holding  fourteen  pormds.  It  agrees  with  the 
pure  or  fine  liquid  storax  of  Hill,  and  the  styrax 
liquida  finissima  of  Alston.  Professor  Guibourt, 
to  whom  Dr.  Pereira  sent  a sample,  at  first  regarded 
it  as  balsam  of  liquidambar;  but  its  odor  has  sub- 
sequently induced  him  to  rank  it  among  the  pro- 
ducts of  styrax  officinale.  It  is  a pellucid  liquid, 
having  the  consistence  and  tenacity  of  Venice  tur- 
pentine, a brownish-yellow  color,  a sweetish  storax  or 
vanilla-like  odor,  entirely  different  from  that  of  liquid- 
ambar. A few  particles  of  bran  or  sawdust  are  inter- 
mixed with  it.  By  keeping,  it  yields  a white  and 
acid  sublimate  on  the  sides  of  the  bottle  which  con- 
tains it. 

All  the  storax  imported  into  this  country  comes 


from  Trieste.  The  following  are  the  results  of 
Reinsch’s  analyses  of  styrax  calamita : — 


1. 

3. 

3. 

Styrax  calamita. 

Brown 

granular. 

Reddish 

compact. 

Volatile  oil,. 

0-5 

....  0-4 

Eesin, 

....  41-6  .... 

63-7 

....  32-7 

Subresin, 

....  ? .... 

0-6 

....  0-5 

Benzoic  acid, 

....  2*4  .... 

1-1 

2-6 

Gum  and  extract, . . , . 

....  14-0  .... 

9-3 

....  7-9 

Matter  extracted  by  potassa,  15'0  .... 

9-6 

....  23-9 

Woody  fibre, 

....  22-0  . . . . 

20-2 

....  27-0 

Ammonia, 

stronger 

traces 

strongest 
' ■ ■ ■ traces 

Water, 

5-0 

....  5-0 

Styrax  calamita, . 

....100-0 

100-0 

100-0 

The  volatile  oil  was  obtained  by  digesting  the  dis- 
tilled water  of  storax  with  ether.  The  solid  oil  was 
white,  crystalline,  and  fusible ; its  odor  was  agreeable, 
its  taste  aromatic  and  warm.  The  fluid  oil  had  not  so 
penetrating  an  odor. 

Simon  found  liquid  storax  to  consist  of  styrol,  cin- 
namic acid,  styracin,  a soft,  and  a hard  resin. 

Storax  is  used  in  medicine,  and  is  called  a stimu- 
lating expectorant.  In  its  operation  it  is  closely  allied 
to  balsam  of  Peru  and  benzoin,  but  it  is  less  powerful 
than  the  latter.  It  is  used  also  as  a detergent  in  the 
form  of  ointment. 

DRAGON’S-BLOOD. — This  is  a deep  red  resin, 
imported  from  the  Bast  Indies.  The  finest  kind  is  hi 
large  red  drops,  and  is  said  to  be  the  produce  of 
calamus  draco.  It  also  occurs  in  masses  of  various 
degrees  of  purity,  and  in  sticks,  enveloped  in  palm 
leaves ; but,  according  to  Brande,  these  varieties  ap- 
pear to  be  more  or  less  sophisticated.  The  article  when 
pure  is  of  a dark  blood  color,  soluble  in  alcohol  and 
ether,  and  in  alkalies.  When  this  balsam  is  subjected 
to  dry  distillation,  it  fuses,  yielding  water,  acetin,  and 
three  and  a half  per  cent,  of  benzoic  acid ; as  the  tem- 
perature increases,  carbonic  oxide  and  carbonic  acid 
are  formed,  and  a reddish-brown  oily  fluid  distils  over, 
which  is  a mixture  of  several  bodies.  Glenard  and 
Boudault  isolated  from  this  two  carbides  of  hydro- 
gen, which  they  named  dracyl  and  draconyl;  the 
former,  the  Editor,  in  conjunction  with  Hofmann, 
proved  to  be  identical  with  toluol;  and  the  latter, 
Blyth  and  Hofmann  showed  to  be  metastyrol. 

LIQUIDAMBAR  is  obtained  from  the  liquidambar 
styraciflua,  a tree  which  grows  in  Mexico,  Louisiana, 
and  Virginia.  Some  specimens  are  thin,  like  oil,  and 
others  are  thickish,  like  turpentine.  It  is  transparent, 
amber-colored,  has  an  agreeable  and  powerful  smell, 
and  an  aromatic  taste,  which  is  somewhat  pungent  in 
the  throat.  Boiling  alcohol  dissolves  it  almost  en- 
tirely. It  contains  a good  deal  of  benzoic  acid,  some 
of  which  effloresces  whenever  the  resin  hardens  with 
keeping. — Ure. 

TOLU  BALSAM  is  the  produce  of  Myrospermum 
toluiferum,  a tree  growing  on  the  mountains  of  Tolu 
and  Turbaco,  and  on  the  banks  of  the  Magdalena, 
between  Garapatas  and  Monpox.  It  exudes  during 
the  heat  of  the  day  from  incisions  in  the  bark ; and  is 
imported  chiefly  by  way  of  New  York  and  Jamaica, 
generally  in  tin  canisters,  but  sometimes  in  earthen 


228 


BALSAMS Peru. 


crocks  and  in  calabashes.  On  its  arrival  it  is  soft 
and  tenacious,  but  gradually  hardens;  it  is  translu- 
cent, brown,  very  fragrant,  and  has  a sweetish  taste, 
softening  between  the  teeth.  When  heated,  it  fuses 
and  takes  fire,  diffusing  an  agreeable  odor.  Fremy 
states  that  the  components  of  Tolu  balsam  are  the 
same  as  those  of  the  Peru  balsam.  These  balsams 
only  differ  in  their  degree  of  organization,  and  espe- 
cially in  the  facility  with  which  the  balsam  of  Tolu 
becomes  resinified.  The  tree  which  yields  the  balsam 
of  Tolu  was  formerly  called  Toluifera  halsamum. 
Kichard  having  carefully  investigated  the  characters 
of  the  genus  Toluifera,  found  that,  with  the  exception 
of  the  fruit,  they  were  identical  with  those  of  the  genus 
now  called  Myrosp&rnium;  and  as  Ruiz  states  that 
the  balsams  of  Tolu  and  Peru  are  obtained  from  the 
same  tree,  the  M.  peruiferum  has  been  adopted  by 
several  writers,  and  by  the  Loudon  College,  as  the 
source  of  both  balsams.  Richard  made  a distinct 
species  of  the  tree  yielding  the  balsam  of  Tolu,  and  it 
is  now  called  M.  Toluiferum. 

The  Editor,  some  years  ago,  when  distilling  the 
balsam  of  Tolu,  remarked  the  following: — There 
passes  over  at  first  aqueous  vapor,  and  when  the  tem- 
perature is  sufficiently  elevated,  a large  quantity  of 
benzoic,  with  a slight  admixture  of  cinnamic  acid, 
which  solidifies  immediately  in  the  recipient  into  a 
white  crystalline  mass.  Wlien  the  fluid  distilling  over 
no  longer  solidifies,  the  receiver  is  changed ; a yellow 
liquid  condenses,  which  is  a mixture  of  toluol  and  ben- 
zoic ether.  The  crystalline  mass  collected  in  the  first 
receiver  contaius  likewise  a large  quantity  of  the  same 
liquid,  which  can  be  separated  by  mere  distillation  with 
water. 

Balsam  of  Tolu  is  frequently  adulterated  with  com- 
mon resin.  To  detect  this,  pour  sulphmic  acid  on  the 
balsam,  and  heat  the  mixture,  when  it  dissolves  to  a 
cheiTy-red  fluid,  without  evolving  sulphurous  acid,  but 
with  the  escape  of  benzoic  or  cinnamic  acid,  if  no  com- 
mon resin  is  present ; on  the  contrary,  the  balsam 
foams,  blackens,  and  much  sulphurous  acid  is  set  free, 
if  it  is  thus  adulterated. 

PERU  BALSAM, — As  many  readers  of  this  work 
may  feel  deeply  interested  in  the  principal  balsams, 
the  Editor  will  give  extracts  from  the  excellent  paper 
by  Dr.  Pereira,  published  in  the  Pharmaceutical 
Journal,  on  Myrospermum  Pubescens  and  its  medi-' 
cinal  products,  Balsamio,  balsam  of  Peru,  and  white 
balsam. 

There  is  no  article  of  the  Materia  Medica,  the  natural 
history  of  which  is  more  obscure  than  that  of  the 
so-called  Balsam  of  Peru ; for  in  all  the  best  modern 
pharaiacological  and  botanical  works,  errors,  confusion, 
and  doubts,  exist  with  respect  to  it. 

Of  the  celebrated  white  balsam  of  America,  Euro- 
pean writers  have  little  definite  knowledge.  It  is 
mentioned,  indeed,  by  most  pharmacologists,  but  it  is 
obvious  from  their  statements  that  they  are  unac- 
quainted wth  it ; for  some  of  them  regard  it  as  liquid- 
ambar,  some  as  balsam  of  Tolu,  and  others  as  dry 
b.'ilsam  of  Peru ; from  all  of  which,  as  will  be  seen  in 
the  sequel,  it  essentially  differs.  Dr.  Steniiouse  un- 
dertook the  cliemical  examination  of  the  white  balsam, 


the  result  of  which  led  to  the  discovery  of  a new  or- 
ganic principle. 

The  balsam  is  quite  neutral  to  test  paper,  and  has  i 
a peculiar  agreeable  odor  like  melilot.  When  it  is  ! 

digested  in  ordinary  spirit  of  wine,  a considerable  por-  I 

tion  readily  dissolves;  and  when  the  clear  extract  is 
allowed  to  repose  for  a day,  it  deposits  a quantity  of 
large  white  crystals.  They  retain  a good  deal  of 
adhering  resinous  matter;  but  they  can  be  obtained 
perfectly  pure  by  digestion  with  a little  animal  char- 
coal and  repeated  crystallizations  from  hot  alcohol. 
When  pure,  they  are  hard  and  brittle,  colorless,  taste- 
less, scentless,  and  fonn  broad  thin  prisms,  more  than 
an  inch  in  length.  Insoluble  in  hot  and  cold  water ; 
but  are  readily  dissolved  by  hot  alcohol  and  ether. 

To  these  crystals  Stenhouse  has  applied  the  name 
Myroxocarpin,  the  formula  of  which  is  Hgg  Og. 

It  is  a very  indifferent  substance,  displaying  no  afiSnity 
for  either  acids  or  bases. 

Historical  Notice. — A brief  historical  survey  of 
the  most  important  works  and  papers  relating  to  the 
balsams  will  make  the  reader  fuUy  comprehend  the 
present  state  of  knowledge  with  respect  to  these  drugs, 
and  the  sources  of  the  errors  and  obscurities  which 
have  hitherto  encircled  them. 

Nicolas  Monardes,  in  whose  work — the  first  edi- 
tion of  which  was  published  at  Seville  in  1565 — tlie 
earliest  mention  of  Peru  balsam  occurs,  calls  it  simply 
halsamo,  and  says  that  it  is  the  produce  of  a tree 
growing  in  New  Spain,  and  called  by  the  Indians 
xilo.  He  describes  the  tree  as  being  larger  than 
the  pomegranate,  having  leaves  like  those  of  nettles, 
and  bearing  a narrow,  white,  thin  siliqua,  or  pod,  of 
the  length  of  a finger,  and  thickness  of  a sixpence, 
and  which  encloses  at  the  end  one  bitter  odorous  seed, 
about  the  size  of  a pea.  He  mentions  two  modes  of 
procuring  the  balsam — one  by  incision  into  the  rind  of 
the  stem,  the  other  by  boiling  the  branches  in  water ; 
and  he  afterwards  notices  its  physical  properties  and 
valuable  medicinal  qualities. 

Although  Monardes  was  never  in  America,  and 
must,  therefore,  have  obtained  his  mformation  from 
the  reports  of  others,  yet  there  is  reason  to  believe  his 
statements  to  be  faithful. 

The  next  writer  who  describes  the  balsam  and  the 
tree  yielding  it,  is  Francisco  Hernandez,  a Spanish 
physician  and  naturalist,  who  resided  from  the  year 
1593  to  1600  in  Mexico  and  New  Spain.  He  notices 
four  balsam  trees:  one  called  Hoitziloxitl,  a second 
termed  Iluaconex,  and  a third  denominated  Maripenda, 
and  the  fourth  found  in  the  province  of  Tolu.  Of  ! 
these  four,  the  first  one  appears  to  be  identical  with 
the  tree  which  yields  the  so-called  balsam  of  Peru, 
and  a copy  of  Hernandez’s  drawing  of  it  is  therefore 
subjoined — Fig.  140. 

Hernandez  states  that  the  Indian  balsam  tree — 
arbor  balsami  Indici — is  called  by  the  Mexicans  hoitz- 
iloxitl, because  it  abounds  in  resin.  He  describes  it  as 
being  of  the  size  of  a lemon  tree,  and  having  leaves  | 
which  are  larger  than  those  of  the  almond,  but 
rounder  and  more  acuminate.  The  flowers  arc  yel- 
low, and  are  placed  on  the  summits  of  the  branches. 

The  seeds  are  whitish,  oblong,  somewhat  contorted. 


BALSAMS Peru. 


229 


and  lodged  at  the  extremity  of  the  oblong  shells  or 
fruits,  which  are  longer  and  broader  than  the  leaves. 
The  tree,  he  says,  is  a native  of  warm  regions,  as 
Panuco,  and  was  cultivated  by  the  Mexican  kings  in 

fiB.  140. 


the  Hoaxtepec  gardens.  He  gives  two  methods  of 
obtaining  the^  balsam,  and  states  that  the  seeds  yield, 
by  pressure,  an  oil  which  resembles  in  flavor  and  odor 
that  obtained  from  hitter  almonds  and  peach  kernels. 

After  the  death  of  Linn^us,  who  had  always  been 
peculiarly  anxious  to  ascertain  the  plant  which  yields 
this  balsam,  Mutis  sent  to  the  younger  Linnaeus  spe- 
cimens of  the  leaves  and  flowers  of  a plant  which,  he 
said,  grew  in  the  warmest  provinces  of  South  America, 
and  yielded  Peruvian  balsam.  A description  of  this 
plant,  to  which  the  name  of  Myroxylon  peruiferum 
was  given,  was  published  in  the  Supplementum  Plan- 
tarum. 

Annexed  is  a woodcut — Fig.  141 — of  the  leaflets  of 
Myroxylon  peruiferum. 

The  figure  is  about  one-third  the  natural  size  of  the 
leaf.  On  the  autliority  of  Mutis,  many  writers  declare 
the  above  to  be  the  source  of  balsam  of  Peru. 

The  first  accurate  botanical  description  of  the  tree 
which  yields  balsam  of  Peru,  was  given  by  Ruiz — in 
1792 — in  his  Quinologia.  His  memoir  was  translated 
into  English  by  the  late  Mr.  A.  B.  Lambert,  and 
published  by  him  in  1821,  with  a correct  engraving  of 
the  plant,  in  his  Illustration  of  the  Genus  Cinchona. 
Ruiz  says  the  tree  is  known  in  Peru  rmder  the  name 


of  Quinoquino,  and  he  calls  it  Myi'oxylon  peruiferum, 
considering  it  to  be  identical  with  the  M.  peruiferum 
sent  by  Mutis  to  the  younger  Linnaeus.  This,  how- 
ever, would  appear  to  be  an  error,  Ruiz’s  plant  being, 
according  to  Kunth 
and  De  Candolle, 
a distinct  species  from 
that  of  Mutis.  Ruiz 
states  that  the  tree 
grows  in  the  moun- 
tains of  Panatahuas, 
in  the  forests  of 
Puzuzu,  Muna,  Cu- 
chero,  Paxatin,  Pam- 
pahermosa,  and  in 
many  other  countries 
near  the  river  Ma- 
ranon,  in  low,  warm, 

and  sunny  situations ; but  the  Indians  of  these  places 
do  not  collect  the  balsam. 

Ruiz  says  the  balsam  of  Quinoquino  is  procured 
from  incisions  made  in  the  tree  at  the  beginning  of 
spring,  when  the  showers  are  gentle,  frequent,  and 
short ; it  is  collected  in  bottles,  where  it  keeps  liquid 
for  some  years,  m which  state  it  is  called  white  liquid 
balsam.  When  the  natives  deposit  this  liquid  in  mats 
or  calabashes,  which  is  commoiJy  done  in  Carthagena 
and  in  the  mountains  of  Tolu,  after  some  time  it  con- 
denses and  hardens  into  resin,  and  is  then  denominated 
dry  white  balsam,  or  balsam  of  Tolu,  by  which  name 
it  is  known  in  druggists’  shops. 

Dr.  Pereira  had  two  authenticated  balsamic  sub- 
stances obtained  from  this  tree : one  procured  from  the 
stem  by  incision,  and  known  in  commerce  as  balsam 
of  Peru,  the  other  obtained  by  expression  from  the 
pericarp,  and  called  white  balsam ; but  the  latter  in  no 
way  resembles  the  balsam  of  Tolu  of  European  com- 
merce, and  can  scarcely  be  the  white  balsam  alluded  to 
by  Ruiz.  Mr.  Skinner — whose  firm,  Kli^e,  Skin- 
ner, and  Co.,  Guatemala,  largely  exports  balsam  of 
Peru  to  Europe — never  heard  of  any  other  balsam 
obtained  from  this  tree.  It  is  remarkable,  however, 
that  Mr.  Kl^e  speaks  of  the  white  balsam  as  being 
balsam  of  Tolu. 

In  1823  appeared  the  sixth  volume  of  Humboldt, 
Bonpland,  and  Kunth’s  Nova  Genera  et  Species 
Plantarum.  In  this  work  the  plant  of  Ruiz  and 
Lambert,  called  by  Ruiz  M.  peruiferum,  Linnaeus,  is 
denominated  Myroxylum  pubescens,  and  tlie  designa- 
tion Myroxylum  peruiferum  is  retained  for  the  plant 
sent  by  Mutis  to  Linn.eus.  These  distinctions  have 
been  adopted  hy  De  Candolle,  who,  however,  has 
substituted  Jacquin’s  designation  of  the  genus  Myro- 
spermum  for  Myroxylon  or  Myroxylum.  But  it  is  most 
unfortunate  that  the  specific  peruiferum  should  be 
retained  for  a plant  which  does  not  yield  the  so-called 
Peruvian  balsam. 

In  1834,  M.  Bazire,  a French  merchant,  who 
lived  for  many  years  in  Central  America,  inforaied 
Guibourt  that  the  so-called  balsam  of  Peru  was  not 
the  produce  of  Peru,  but  of  the  coast  near  Sonsonate. 
He  also  gave  him  some  of  the  fruit  of  the  tree  which 
yields  the  balsam;  but  which,  being  deprived  of  its 
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membranous  wings,  Guiboukt  failed  to  recognise  as 
the  fruit  of  M.  puhescens — M.  peruiferum  of  Kuiz 
and  Lambert — and  he  therefore  inferred  that  it  was 
the  produce  of  a different  species.  More  recently, 
however,  he  has  expressed  an  opinion  that  it  is  the 
fruit  of  the  Myroxylon  peruiferum,  Linn^us.  But 
on  this  point  he  has  fallen  into  an  error,  the  fruit 
being  that  of  Myrospermum  puhescens  of  De  Can- 
UOLLE. 

It  may  bo  here  observed  that  M.  Baziee’s  account 
is  quite  accurate. 

Such  was  the  state  of  uncertainty  which  existed  on 
this  subject,  when  Mr.  Skinner  undertook  to  clear  up 
the  mystery,  by  procuring  for  Dr.  Pereira  specimens 
of  the  tree  and  balsams  from  Central  America,  and  by 
furnishing  him  with  much  valuable  written  and  verbal 
information.  By  him  the  following  facts  were  eli- 
cited : — 

Firstly,  That  the  tree  which  yields  the  so-called 
balsam  of  Peru  and  the  white  balsam,  is  the  species 
described  and  figured  by  Ruiz  and  Lambert,  Myro- 
spermum puhescens,  De  Candolle. 

Secondly,  That  hlach  halsam — halsam  of  Peru  of 
commerce — is  obtained  by  incision  from  the  stem. 

Thirdly,  That  the  white  halsam  is  procured  from 
the  fruit  by  pressure. 

Fourthly,  That  commerce  exclusively  obtains  both 
of  these  balsams  from  the  so-called  Balsam  Coast  in 
Central  America. 

Dr.  Pereira,  writing  further  on  tlie  Myrospermum 
of  Sonsonate,  from  which  balsam  of  Peru,  white  bal- 
sam, and  balsamito,  are  obtained,  believed  the  plant  to 
be  identical  with  that  figured  by  Lambert,  and  which, 
according  to  both  Kunth  and  De  Candolle,  is  M. 
puhescens.  A careful  examination  of  the  specimens  in 
the  British  Museum,  from  which  Lambert’s  figures 
were  drawn,  led  him  to  doubt  the  identity  of  his  plant 
either  with  the  Sonsonate  species,  or  with  puhescens 
of  Kunth  and  De  Candolle.  For  the  present, 
therefore,  the  plant  will  be  designated  the  Myrosper- 
mum of  Sonsonate. 

The  specimens  which  Dr.  Pereira  received,  con- 
sisted of  branches,  leaves,  and  fruits.  The  flowers 
were  not  met  with. 

The  branches  are  terete,  warty,  but  otherwise 
smooth,  ash-colored,  or  ash-brown. 

The  leaves  are  alternate,  petiolate,  and  impari- 
pinnate.  The  common  petioles  appear  to  the  naked 
eye  devoid  of  hairs,  but,  when  examined  by  the  micro- 
scope, are  found  to  be  covered  with  a few  short  ones. 

The  leaflets  are  from  five  to  eleven,  alternate,  with 
short  petioles.  Fig.  142  represents  one  of  these  leaflets 
in  its  natural  size.  Exclusive  of  foot-stalk,  their  length 
varies  from  about  two  to  three  and  a half  inches ; and 
their  greatest  width,  from  one  to  one  and  a half  inch. 
The  most  usual  size  is  three  inches  in  length,  and  one 
and  a quarter  to  one  and  four-tenths  of  an  inch  in 
breadth.  Their  general  shape  is  oblong  or  oval  oblong, 
in  some  cases  ovate.  They  are  round,  or  very  sfightly 
tapering,  not  cordiform  at  the  base.  Superiorly  they 
contract  abruptly  into  an  emarginate  point.  To  the 
naked  eye,  the  partial  petioles  and  mid-ribs  appear 
devoid  of  capiUae,  but  when  examined  by  the  mi- 


croscope, short  lymphatic  hams,  having  a glossy  or 
resinous  appearance,  are  distinctly  visible  on  them; 
and  the  partial  petioles  appear  somewhat  rough  from 
transverse  rugae.  The  leaflets  are  elegantly  marked  | 
by  rounded  and  linear  pel- 
lucid spots;  the  lines  being 
usually  parallel  with,  or  in 
the  direction  of,  the  pri- 
mary veins.  To  see  the 
spots,  the  leaflets  must  be 
held  up  against  a strong 
fight,  and  examined  by  a 
magnifier. 

The  fruit  is  a one-ceUed, 
one-seeded,  winged,  inde- 
hescefit  pod,  called  by 
some  a samara,  by  others 
a samoroid  legume.  The 
fruit-stalk  is  naked  at  the 
base,  but  is  amply  winged 
superiorly.  The  fruit,  in- 
cluding the  winged  foot- 
stalk, varies  in  length  from 
about  two  to  four  inches ; 
the  usual  length  is  three  and 
an  eighth,  or  three  and  a 
quarter.  At  the  peduncular 

extremity,  the  fruit,  or  rather  its  winged  foot-stalk,  is 
rounded,  or  very  sfightly  tapering,  unequal  sided;  at 
the  summit  it  is  enlarged,  turned,  and  rounded  with  a 
small  point — ^the  remains  of  the  style — at  the  side.  The 
mesocarp  is  fibrous;  but  immediately  exterior  to  the 
endocarp,  it  contains,  in  receptacles,  a yellow  oleo- 
resinous  or  balsamic  juice ; which,  by  age,  hardens  and 
resinifies.  Ruiz,  Kunth,  Endlicher,  and  De  Can- 
dolle, describe  this  juice  as  immediately  surrounding 
the  seed,  and  being  between  it  and  the  lining — endo- 
carp— of  the  shell ; but  this  is  a mistake,  it  is  exterior 
to  the  endocarp.  The  principal  part  of  the  balsam  re- 
sides in  the  two  receptacles  or  vittce,  one  placed  on 
either  side ; but  if  a transverse  section  of  the  fruit  be 
examined  by  the  microscope,  numerous  receptacles  of 
the  more  or  less  diied  balsam  are  perceived  in  all  parts 
of  the  mesocarp.  In  the  two  larger  receptacles,  the 
balsam  is  usually  found  in  the  liquid  state  ; but  some- 
times the  walls  of  the  receptacles  are  fined  with  the 
crystallized  balsam — myroxocarpin.  That  the  balsam 
resides  in  the  mesocarp,  and  not  in  the  cavity  of  the 
fruit,  is  proved  by  the  cross  section,  which  shows  that 
the  paries  of  the  cavity  of  the  fruit  is  continuous  with 
the  two  sutures.  The  seed  lies  loose  and  dry  in  the  cell 
of  the  pericarp,  and  is  covered  by  a thin,  white,  mem- 
branous coat^testa.  The  cotyledons  are  yellowish 
and  oily,  have  an  agreeable  odor,  like  that  of  the 
tonka-bean  or  mefilot,  and  a bitter  taste,  somewhat 
resembling  that  of  bitter  almonds.  By  digestmg  the 
seeds  in  ether,  a tincture  is  obtained,  which  yields,  on 
evaporation,  a very  agreeable-smelling,  amber-colored, 
soft  extract,  the  odor  of  which  resembles  that  of  the 
cotyledons.  Fig.  143  is  a cross  section  of  the  fruit 
and  seed — magnified : — a a,  epicarp ; h b,  mesocarp ; 
c c,  endocarp ; d d,  large  vittse,  or  lacunae,  containing 
balsam ; e e,  cotyledons. 


Fig.  142. 
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Some  of  the  fruits  given  to  Mr.  Alfred  Smee  were 
sown  by  him  in  a pot,  and  placed  in  his  hothouse. 
Several  of  them  have  produced  thriving  plants.  A 
leaf  of  one  of  the  plants  thus  raised,  consists  of  five 
alternate  leaflets,  marked  with 
pellucid  dots  and  lines.  To 
the  naked  eye,  all  parts  of  the 
leaves  appear  quite  smooth; 
but  when  examined  by  the 
microscope,  the  general  and 
partial  petioles,  the  midribs, 
and  the  edges  of  the  leaflets, 
are  seen  to  be  covered  with 
small,  reddish,  appressed, 
lymphatic  hairs.  The  lamina 
of  the  leaflets  is  emarginate, 
but  the  summit  of  the  midrib, 
crowned  by  a small  bush  of 
hairs,  projects,  on  the  dorsal 
surface,  beyond  the  lamina, 
and  gives  the  appearance  of 
a minute  pointlet  or  mucro. 
As  the  leaflets  dry,  this  point- 
let  appears  to  be  shrinking  and  becoming  brown.  As 
the  leaf  grows,  it  probably  falls  off. 

In  the  annexed  sketches.  Fig.  144  shows  a leaf-bear- 
ing branch  of  the  Myrospermum  of  Sonsonate,  about 


Fig.  141. 


; one-third  the  natural  size;  Fig.  145,  a fruit-bearing 
I branch;  Fig.  146,  vertical  section  of  the  fruit;  Fig.  147, 
I lateral  section  of  the  fruit,  showing  the  seed  in  situ. 

The  Myrospermum  of  Sonsonate  so  closely  agrees  in 
general  with  Pavon’s  M.  halsamiferum,  that  Dr. 
Pereira  was  at  first  led  to  believe  the  two  plants  to  be 
identical;  and  he  was  the  more  inclined  to  this  opinion 
from  the  circumstance  that,  in  one  of  the  communica- 
tions which  he  received  from  Sonsonate,  the  Myro- 


spermum from  that  place  was  called  Myroxylon  hal- 
samiferum. 

Lambert’s  figure  appears  to  have  been  made  up 
from  different  specimens  in  Pavon’s  collection,  and 
not  from  any  one  exclusively.  Unfortunately,  there  is 

Fig.  145.  Fig.  117. 


^ Fig.  146. 

reason  to  suspect  that  the  leaves  of  at  least  two  species 
are  contained  in  the  collection  under  the  same  name, 
for  in  some  of  them  the  pellucid  spots  are  exclusively 
round,  in  others  round  and  linear.  Myroxylon  hal- 
samiferum, Pavon  ; figured  by  Lambert  as  M.  perui- 
ferum,  LiNNiEUS.  Fig.  148 — a,  flower,  magnified ; h. 
the  curved  ovary,  sur-  pig.  i4S. 

roun'''ed  at  the  base 
by  the  calyx. 

Firstly,  The  size  and 
shape  of  the  leaves. — 

Many  of  the  leaves  of 
Pavon’s  specimens — 
those  which  agree  best 
with  Lambert’s  figure 
— are  larger  than  those 
of  the  Sonsonate  plant. 

The  shape  also  is 
different.  While  in 
the  Sonsonate  plant 
the  prevailing  shape  is 
the  oblong,  that  of 
Pavon’s  is  more  oval ; 
again,  the  leaves  of  the 
former  are  more  generally  rounded  at  the  base,  and 
less  tapering  at  the  summit,  than  those  of  the  latter. 

When  specimens  of  the  two  plants  are  placed  side 
by  side,  the  principal  difference  observed  is  the  larger 
size  and  more  tapering  summits  of  the  M.  balsami- 
ferum. 

Secondly,  The  size  and  shape  of  the  fruit. — The  pods 
of  Pavon’s  are  longer  than  those  of  the  Sonsonate 
plant.  The  average  length  of  the  latter  rarely  exceeds 
three  or  three  and  a quarter  inches,  while  those  of 
Pavon’s  specimen  vary  from  four  to  six 

In  the  shape  there  is  also  a difference.  In  Pavon’s 
plant  the  fruit  is  nearly  of  equal  width,  the  two  margins 
of  the  wings  being  parallel,  or  nearly  so,  throughout 
the  greater  part  of  the  length  of  the  pod.  Thus, 
many  of  the  pods  are  of  the  samo  breadth — about 


Fig.  143. 
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one  and  a quarter  inch — for  more  than  four  inches  of 
their  length.  In  the  Sonsonate  specimens,  on  the  other 
hand,  the  margins  of  the  fruit  diverge  fi’om  each  other 
in  the  direction  from  the  peduncle  towards  the  summit, 
and  in  no  two  parts  has  the  pod  the  same  width. 

Central  America  is  the  country  of  the  Myrospermum 
Sonsonate.  It  grows  on  the  Balsam  Coast — between 
13°  and  14°  north  latitude,  and  89°  and  90°  west  longi- 
tude— in  the  state  of  Salvador,  where  the  black  and 
white  balsam  are  exclusively  obtained  from  it.  Her- 
nandez gives  Panuco  as  one  of  the  places  where  it 
grows;  and  Clavigero  states  that  it  is  common  in  the 
provinces  of  Panuco  and  Chiapan.  Various  medicinal 
products  are  obtained  from  the  tree.  By  making  an 
incision  in  the  trunk  of  it,  a liquor  exudes  called  the 
blade  balsam,  an  admirable  remedy  for  effecting  the 
speedy  cure  of  wounds  of  every  description  : from  the 
flowers  the  spirit  of  balsam  is  made ; the  seeds  or  nuts 
produce  the  oil  of  balsam,  an  excellent  anodyne ; and 
the  capsules  yield  the  white  balsam.  From  these  simple 
kinds  the  tincture  or  essence  of  balsam  is  extracted.  It 
is  generally  termed  balsamito,  and  was  a discovery  of 
Don  Jose  Eustaquio  de  Leon,  director  of  the  mint 
in  Guatemala,  who  published  a description  of  the  many 
virtues  of  this  peculiar  medicine.  The  only  medicinal 
products  of  the  tree  are,  black  balsam — commonly  called 
balsam  of  Peru — white  balsam,  and  balsamito. 

The  Sonsonate  of  St.  Salvador  • blade  balsam. — 
This  is  the  balsam  of  Peru  of  commerce — Balsamum 
Peruvianum,  Latin.  At  Sonsonate  it  is  termed  blade 
balsam — balsamo  nigro.  It  is  sometimes  denominated 
the  blade  or  liquid  balsam  of  Peru.  Sonsonate  or  St. 
Salvador  black  balsam  of  commerce — ^balsam  of  Peru 
of  the  shops — is  exclusively  the  produce  of  the  Balsam 
Coast,  which  extends  from  the  Ajacutla  to  the  Port 
Libertad  on  the  Pacifle  side  of  Central  America. 

The  Sonsonate  or  St.  Salvador  white  balsam — balsa- 
mo  bianco. — This  is  often  confounded  with  the  balsam 
of  Tolu.  White  balsam  is  obtained  at  Sonsonate  by 
pressure,  without  heat,  from  the  interior  of  the  fruit 
and  seed.  It  is  imported  in  globular  earthen  jars,  sur- 
roimded  by  a kmd  of  plaited  matting — Fig.  149 — closed 
by  an  earlJicn  stopper.  The  jar  enclosed  in  the  mat- 
thig  is  about  a foot  high, 
fig- 1^9-  and  ten  and  a half  inches 

in  diameter,  and  contains 
about  twenty  pounds  of 
balsam,  which  is  partially 
concreted  or  crystallized 
on  the  sides.  When  re- 
moved from  the  jar,  and 
put  into  a white  glass 
bottle,  it  closely  resembles, 
in  appearance,  stramed 
American  or  Bordeaux 
turpeutme.  It  is  semi- 
fluid, or  a soft  solid,  and 
by  exposure  becomes 
firmer.  It  is  quite  devoid 

' of  the  fragrant  cinnamon 

odor  of  the  balsams  of  Peru  and  Tolu. 

According  to  Mr.  Skinner’s  account,  obtained  dur- 
ing his  sojoiu-n  in  Guatemala,  the  balsam  was  obtained 


thus : — A fire  was  made  around,  but  at  some  little  dis- 
tance from  the  balsam  tree;  the  bark  was  then  cut,  and 
a stick  slipped  in  between  it  and  the  wood,  so  as  to 
partially  separate  these  two  parts  of  the  stem  from  each 
other.  By  working  the  stick  about,  somewhat  in  the 
manner  of  a pump-handle,  the  balsam,  aided  by  the 
heat,  exuded,  and  was  absorbed  by  rags. 

The  only  purification  to  which  balsam  of  Peru  is 
subjected  in  England,  is  one  of  a mechanical  kind,  that 
is  to  say,  by  standing,  the  balsam  is  allowed  to  separate 
from  the  water  and  any  other  impurities,  and  is  then 
drawn  off. 

Mr.  Sara  VIA,  of  Sonsonate,  having  been  requested 
to  question  the  Indians  respecting  the  production  of 
balsam,  rephed : — The  method  used  to  extract  the  bal- 
sam from  the  trees,  is  to  make  several  incisions,  over 
which  pieces  of  old  cloth  or  rags  are  placed  for  the 
absorption  of  the  juice;  when  tliey  are  well  soaked, 
they  are  put  in  water  to  boil,  until  they  have  dis- 
charged the  greatest  part  of  the  imbibed  balsam.  The 
liquid  is  then  allowed  to  settle  sufficiently,  until  the 
water  rises,  leaving  the  balsam  at  the  bottom ; next,  the 
upper  stratum  is  carefully  poured  off,  and  the  balsam 
put  into  tecomates — gourds — although  at  this  time  it  is 
not  very  pure.  The  rags  are  then  put  into  redes — little 
bags  of  cords — which  are  strongly  twisted  to  -wring  out 
any  remaining  balsam  into  the  tecomates.  When  pur- 
chased, it  is  necessarj'  to  clean  it  again,  because  it  still 
contains  water  and  other  impurities  which  some  Indians 
will  mix  -with  it  to  gain  greater  weight. 

The  Black  Balsam  of  Peru. — The  method  of 
obtaining  black  Peruvian  balsam  has  always  been  a 
subject  of  controversy.  When  Stoltze,  in  the  year 
1824,  published  his  Treatise  on  the  Blade  Peruvian 
Balsam,  he  could  not  be  convinced  that  it  was  obtained 
by  a sort  of  distillatio  per  descensum,  and  not  by  de- 
coction or  spontaneous  exudation,  as  he  stated.  Dr. 
Martius,  of  Erlangen,  found  his  opinion  corrobo- 
rated by  Dr.  Pereira’s;  but  that  the  balsam  should, 
by  boiling  the  rags  in  water,  rise  to  the  surface,  and 
thus  be  removed,  is  impossible,  for  it  has  a specific 
gravity  of  from  1-150  to  1-160,  and  cannot,  therefore, 
float  on  water  in  a state  of  ebulhtion.  K a solution 
of  common  salt,  that  is  to  say,  a liquid  of  greater 
specific  gra-vity  were  employed,  the  balsam  would  then 
certainly  float,  but,  at  tlie  same  time,  its  agreeable  odor 
would  probably  disappear,  in  consequence  of  the  high 
temperature  required  for  boiling  the  saline  solution. 
As,  moreover,  the  cinnamic  acid  contained  in  the  black 
balsam  is  soluble  in  water,  the  greater  portion  of  this 
acid  would  be  given  out  to  the  liquid  employed  for  the 
exhaustion  of  the  rags.  Now  and  then  single  drops  of 
water,  and  sometimes  even  entire  layers  were  super- 
natant in  the  tin  boxes,  in  which  formerly  the  blade 
Peruvian  balsam  was  exported]  but  this  trifling  portion 
of  water  Dr.  Martius  has  always  considered  to  be  the 
product  of  distillatio  per  descensum,  for  he  never  foimd 
in  it,  by  evaporation,  anything  but  cinnamic  acid,  for- 
merly regarded  as  benzoic  acid.  Moreover,  whence 
arises  in  many  of  the  tin  boxes  the  sediment  of  several 
inches  found  in  them  after  remaining  at  rest?  Further- 
more, what  is  the  reason  that  the  tinetura  balsami 
Peruviani  is  sometimes  of  a lighter,  and  sometimes 
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of  a darker  wine-yellow  color,  according  as  it  is  pre- 

terated  with  castor  oil  and  similar  substances,  this 

pared  from  a lighter  or  darker  colored  balsam  ? This 

residue  is  proportionately  soft.  Sulphurous  acid  is 

originates,  no  doubt,  from  the  higher  or  lower  degree 

likewise  disengaged,  which  is  not  the  case  when  the 

of  heat  employed  in  the  distillatio  per  descensum. 

adulterating  substance  is  copaiba. 

Several  years  ago,  a sort  of  black  Peruvian  balsam  was 

Considerable  variations  in  the  specific  gravity  of  Peru 

in  the  market,  which,  on  running  down  the  glass. 

balsam  must  not  be  altogether  overlooked.  It  usually 

appeared  of  a reddish-brown  color,  was  more  fluid. 

varies  between  1T4  and  1T6,  but  when  sophisticated 

and  jdelded,  even  after  continued  standing,  a proper- 

with  as  much  as  twenty-five  per  cent,  of  castor  oil,  it 

tionately  insignificant  sediment.  All  this  tends  to 

is  much  lower. 

show,  that  besides  the  various  kinds  of  Myrospermum 

To  detect  copaiba  balsam,  the  substance  is  to  be 

used  for  yielding  the  balsam,  the  higher  or  lower  de- 

heated  in  a small  tube  retort,  until  a few  drops  of  a 

gree  of  heat  employed  in  its  preparation,  must  con- 

yellow  oily  liquid  have  passed  over,  which  takes  place 

tribute  to  vary  the  quality  obtained. 

at  a temperature  of  374°  Fahr.  This  distillate  is  acid. 

Stoltze  says  he  has  never  observed  in  his  opera- 

and  soon  deposits  crystals  of  cinnamic  acid.  If  the 

tions  the  products  of  a descending  distillation,  but 

balsam  used  was  pure,  it  solidifies  completely ; but  when 

there  is  a great  difference  between  such  a process  and 

adulterated  with  copaiba,  the  crystals  float  in  copaiba 

a gentle  distillatio  per  descensum.  Moreover,  it  must 

oil.  The  distillate  is  then  to  be  saturated  with  caustic 

not  be  forgotten  that  the  plants  which  yield  the  black 

potassa,  and  the  solution  of  cinnamate  removed  by 

Peruvian  balsam,  grow  in  a country  which  is  in  the 

means  of  blotting-paper.  The  drops  of  oil  which  are 

highest  degree  favorable  to  the  exudation  of  resinous 

then  left,  mix  quietly  with  iodine  if  the  balsam  was  pm-e. 

juices  from  vegetals.  Besides,  the  formation  of  chma- 

but  cause  a violent  action  in  the  presence  of  copaiba. 

mic  acid  takes  place,  as  it  appears,  only  by  the  absorp- 

An  expert  chemist  could  tell  the  copaiba  by  its 

tion  of  oxygen,  or  by  an  increased  temperature. 

smell ; in  general,  the  purity  and  strength  of  the  odor 

As  Bordeaux  carries  on  a considerable  trade  in  black 

of  the  Peru  balsam,  and  its  perfect  transparency,  are 

Peruvian  balsam.  Dr.  Martius  sought  and  received 

certain  proofs  of  its  goodness. 

the  following  accoimt  from  a friend  there  : — Balsamum 

Skinner  gives  the  method  employed  by  the  Indians 

Peruvianum  nigrum  is  generally  exported  fi  jm  Sonso- 

of  Central  America  for  extracting  the  balsam  from  the 

nate  and  Ajacutla — Central  America — ^Ln  jars,  and  is 

tree.  They  begin  by  making  an  incision  from  two  to 

mostly  transferred  to  Europe  in  tin  boxes,  when  it  is 

two  and  one-third  inches  broad,  and  from  three  and  a 

at  the  same  time  deprived  of  water,  mucilage,  and  salt, 

half  to  four  in  length ; they  then  raise  the  bark  from  the 

which  is  generally  effected  in  a bathing  tub.  For  some 

living  wood,  and  afterwards  apply  there  pieces  of  cotton 

time  past,  the  English  have  begun  to  take  possession  of 

rags,  after  having  heated  the  tree  by  surrounding  it 

this  article,  and  import  it  from  the  eastern  part  of  Cen- 

with  a brisk  fire  for  a short  time.  When  they  tap  the 

tral  America,  by  way  of  Belise  or  Greytown.  A 

tree  for  the  first  time,  they  make  the  incision  rather 

captain,  who  formerly  imported  two  hundred  jars  of 

more  than  a yard  above  the  ground,  and  when  the 

balsam,  saw  them  being  filled,  and  was  not  a little 

liquor  ceases  to  ooze  out,  they  make  a second  incision 

astonished  on  finding  here  that  water  had  separated 

by  the  side  of  the  first  one,  and  in  the  same  manner. 

during  the  voyage.  In  a fresh  state  the  balsam  is 

but  a little  higher  up ; and  thus  they  continue  making 

greenish  and  more  fluid,  than  after  having  been  kept 

new  incisions  as  fast  as  they  become  exhausted  aromid 

for  some  time,  when  it  flows  with  a golden-brown. 

the  tree.  In  the  course  of  ten  or  twelve  days,  the  rags 

and  runs  down  the  glass  with  a reddish  color. 

become  thoroughly  impregnated  with  a thick  olive- 

From  the  preceding  communication  it  appears. 

brown  liquid ; they  are  then  withdrawn,  and  subjected 

firstly,  that  black  Peruvian  balsam,  sold  retail,  has 

to  a fresh  process.  The  rags  saturated  with  the  bal- 

already  undergone  a purification ; secondly,  that  the 

sam  are  collected  together  and  placed  in  an  earthen 

Peruvian  balsam,  as  imported  from  America,  contains 

vessel,  called  oUa  or  pot,  with  some  water,  and  boiled 

water,  mucilage,  and  salt;  and  thirdly,  that  the  balsam 

for  five  or  six  hours.  During  this  operation  the  balsam 

in  a fresh  state  is  not  only  more  fluid,  but  likewise 

detaches  itself,  and,  so  long  as  the  boiling  continues. 

possesses  a greenish  color. 

mixes  wdth  the  water;  but  as  soon  as  the  liquid  becomes 

The  characters  to  be  attended  to  in  judging  of  its 

cold,  the  balsam,  being  much  heavier,  settles,  and  the 

genuineness  are,  its  pure  odor,  complete  miscibility 

water  floats  over  it ; hence  it  is  easy  to  separate  them 

with  alcohol,  by  which  the  absence  of  fixed  oil  is 

from  each  other.  Before  the  water  cools,  the  cotton 

shown,  and  its  sufiering  no  diminution  of  volume  after 

rags  are  removed ; but  as  they  still  contain  a certain 

mixing  with  water,  proving  that  there  is  no  spirit  pre- 

quantity  of  fiquid,  they  are  subjected  to  a more  forcible 

sent.  A sign  of  its  purity  is,  that  one  thousand  parts 

pressure  by  means  of  a small  machine,  made  with 

of  it  should  saturate  seventy-five  parts  of  crystallized 

pieces  of  wood,  cords,  and  tourniquets.  Lastly,  they 

carbonate  of  potassa. 

collect  all  the  balsam  extracted  from  these  rags,  after 

Among  the  substances  fraudulently  mixed  with  Peru 

subjecting  them  to  pressure  for  several  days ; pour  ofi' 

balsam,  castor  oil  and  copaiba  balsam  are  the  most 

the  water,  and  put  the  balsam,  which  has  now  become 

difficult  to  discover.  Ulex  recommends  the  following 

dark  and  liquid,  into  a calabash,  for  the  purpose  of 

method: — Ten  drops  of  Peru  balsam  are  mixed  iu  a 

carrying  it  to  market.  The  balsam  which  flows  from 

watch-glass  with  twenty  drops  of  concentrated  sulphuric 

the  tree  always  contains  a considerable  quantity  of 

acid,  and  then  diluted  with  water.  If  the  balsam  is 

water,  and  hence  the  necessity  of  boilmg  this  liquor 

pure,  a brittle  resin  is  thus  obtained ; but  when  adul- 

after  it  has  been  extracted. 
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Annexed  is  Stoltze’s  analysis  of  the  balsam  of 
Peru : — 

Per  cent 


Brown  slightly  soluble  resin, 2-40 

Brown  resin, 20-70 

Oil — cinnamein, 69-00 

Benzoic  and  cinnamic  acid, 6-40 

Bxtract, 0-60 

Loss  and  moisLure, 0-90 


100-00 

Balsamic  Ethers. — Sciiarling,  of  Copenhagen, 
communicated  to  the  Koyal  Danish  Academy  of 
Sciences  a preliminary  statement  of  some  experiments 
made  in  order  to  produce  ethers,  hy  acting  with  po- 
tassa  on  various  natural  balsams.  After  having 
noticed  the  earUer  investigations  on  Peruvian  balsam, 
he  observes  that  the  formula  given  by  Eremt  for  the 
composition  of  cinnamein,  Og,  may  be  looked 

upon  as  2 Cjg  0^  -f-  0^,  of  which  the  first 

member  represents  the  formula  for  cinnamein  given 
by  Plantamour,  and  the  second  member  that  for 
cinnamic  ether,  which  the  latter  chemist  produced 
from  Peruvian  balsam.  Plantamour,  however,  hav- 
mg  used  alcohol  in  his  investigations,  doubts  might 
arise  whether  this  had  not  occasioned  the  formation  of 
the  cinnamic  ether.  Scharling  submitted  one  part 
of  Peruvian  balsam,  and  two  or  three  parts  of  solution 
of  potassa,  of  the  specific  gra\-ity  1-3,  to  distillation, 
after  the  mixture  bad  been  left  for  twenty-four  hours. 
The  product  consisted  of  water  and  two  oily  bodies, 
the  one  lighter,  the  other  heavier  than  water.  By  dry- 
ing and  redistillation,  the  heavier  liquid  was  obtained 
perfectly  transparent,  of  high  refractive  power,  of 
specific  gravity  1-03,  and  with  a boiling  point  of  401° 
Fahr.  Immediately  after  the  distillation,  the  smell 
was  faint ; but  after  having  stood  for  a while,  it  became 
aromatic,  like  that  of  cinnamic  ether. 

Immersed  in  a refrigerating  mixture  of  snow  and 
rock  salt,  the  whole  remained  liquid  at  5°  Fahr. 
The  oily  hquid,  of  less  specific  gravity,  boiled  at  about 
356° ; its  specific  gravity  was  less  than  that  of  water ; 
the  smeU  not  unlike  aniseed ; the  taste  ‘sweetish, 
aromatic;  cooled  to  5°  Fahr.,  the  greater  part  con- 
gealed. Both  these  liquids  are  altered  by  distilla- 
tion ; for,  even  when  heated  in  an  oil-bath,  they 
assume  a light  wax-yellow  color  before  they  begin  to 
boil.  As  both  these  liquids  thus  offered  great  resem- 
blance to  cmnamic  ether  and  peruvin,  the  same  chemist 
tried  to  ascertain  their  identity  with  these  substances, 
by  treating  them  with  hydrate  of  potassa  and  sulphide 
of  carbon.  Although  the  discoverer  of  xanthogenic 
acid,  the  late  professor  Zeise,  remarks,  that  ether  and 
sulphide  of  carbon,  with  hydrate  of  potassa,  do  not 
give  xanthogenate  of  potassa ; yet  it  was  presumed  that 
this  salt  might  be  produced  by  treating  compound 
species  of  ether  with  hydrate  of  potassa  and  sulphide 
of  carbon.  As  this  supposition  has  been  fully  con- 
firmed with  different  kinds  of  ether — for  instance,  with 
acetic  ether — Scharling  mixed  separately  both  the 
liquids  produced  by  Peruvian  balsam  with  powdered 
hydrate  of  potassa  and  sulphide  of  carbon.  In  both 
these  experiments  the  mixtures  congealed ; and  when 
samples  of  the  saline  mass  were  dried  between  paper, 
and  then  dissolved  in  water,  and  tested  with  salts  of 


copper  and  lead,  they  furnished  yellow  xanthogenate 
of  copper  and  white  xanthogenate  of  lead.  Hence 
there  can  be  no  doubt  that  the  liquid  of  higher  specific 
gravity  contains  cinnamic  ether,  obtained  for  the  first 
time  without  any  addition  of  alcohol.  By  distilling  the 
solution  of  potassa  wliich  had  been  separated  from  the 
cinnamein,  only  traces  of  an  oily  hquid  were  obtained ; 
the  rest  of  the  distillate  appeared  to  be  water.  Hence 
it  is  evident,  that  even  at  the  ordinary  temperature,  and 
by  the  influence  of  a solution  of  potassa,  the  combina- 
tion which  at  a suitable  temperature  is  converted  into 
a species  of  ether,  is  decomposed.  By  distilling  Peru- 
vian balsam  with  water,  no  oil  or  ether,  as  is  known, 
is  produced.  Siace  this  possibly  might  arise  from  the 
boihng  point  of  cinnamic  ether  lying  too  high,  the  last 
named  authority  distilled  a portion  of  Peruvian  balsam 
with  a solution  of  chloride  of  sodium,  and  a smaller 
portion  with  a concentrated  solution  of  chloride  of 
zinc.  The  last  distillation  was  performed  by  dropping 
the  balsam  gradually  into  the  boiling  saline  solution. 
By  this  process,,  besides  water,  some  cinnamic  acid  and 
a very  small  quantity  of  two  hquid,  oily,  brownish 
bodies,  the  one  of  greater  and  the  other  of  less  spe- 
cific gravity  than  water,  were  obtained.  Both  had  an 
empyreumatic  odor;  and,  when  boiled  with  water,  a 
quantity  of  crystals  of  cinnamic  acid  were  produced  on 
cooling.  No  trace  of  cinnamic  ether  could  be  discovered 
in  this  distillate.  By  subjecting  Peruvian  balsam  to 
dry  distillation,  several  oily  hquids  were  obtained,  con- 
taining a great  quantity  of  cinnamic  acid,  as  also  water. 
The  foi-mer  crystallized  on  cooling,  and  was  collected 
on  a filter ; the  liquid  that  had  passed  through,  after 
it  had  been  dried  over  chloride  of  calcium  and  re- 
distilled, was  treated  with  powdered  hydrate  of  potassa 
and  sulphide  of  carbon.  No  traces  of  xanthogenic  acid 
could  be  detected  in  this  mixture. 

A portion  of  Peruvian  balsam  was  next  operated 
upon  with  a solution  of  carbonate  of  soda.  The 
aqueous  solution  obtained  behaved  like  a solution  of 
cinnamate  of  soda.  The  remaining  substance  was 
exsiccated,  dry  carbonate  of  soda  added  to  it,  and  the 
mixture  subjected  to  destructive  distillation.  The 
distillate  resembled  in  appearance  the  products  from 
the  dry  distillation  of  the  Peruvian  balsam ; but  in  this 
traces  of  xanthogenic  acid  were  found  by  suitable 
treatment.  From  these  experiments,  therefore,  it  is 
not  to  be  concluded  that  cmnamic  ether  pre-exists  in 
the  halsam,  hut  that  it  is  most  likely  formed  hy  the 
action  of  strong  bases. 

Simon’s  investigation  on  hquid  storax  ehminated  a 
body  which  he  called  styracon.  He  found  that,  on 
treating  hquid  storax  in  the  same  manner  as  he  had 
treated  Peruvian  balsam,  he  immediately  obtained  a 
distihate,  from  which,  after  standing  for  a while,  a body 
separated,  possessing  ah  the  properties  assigned  by  him 
to  styracon.  Moreover,  it  easily  dissolved  in  alcohol  of 
0-851  specific  gravity.  By  treating  the  styracon  with 
powdered  hydrate  of  potassa  and  sulphide  of  carbon, 
xanthogenate  of  potassa  was  formed  amongst  other  pro- 
ducts. Hence  it  is  supposed  that  the  styracon  con- 
stitutes a compound  ether.  From  want  of  styrol,  he 
examined  how  benzol  would  act  with  hydrate  of  po- 
tassa and  sulphide  of  carbon.  No  xanthogenate  of 
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potassa  was  produced.  Balsam  of  copaiba  was  next 
treated  with  hydrate  of  potassa,  and  then  distilled.  A 
considerable  quantity  of  oil,  which  floated  on  the  dis- 
tilled water,  was  immediately  obtained.  When  the  water 
had  been  poured  back  and  distOled  a second  time,  the 
quantity  of  oil  collected  constituted  about  five  ounces, 
and  the  distilled  water  about  twenty.  A pound  of  bal- 
sam and  a pound  and  a half  of  solution  of  potassa — 
specific  gravity  1'25 — had  been  used.  The  oil  did  not 
appear  to  differ  from  that  of  balsam  of  copaiba  which 
occurs  in  trade ; but  on  treating  these  oils  with  hydrate 
of  potassa  and  sulphide  of  carbon,  no  formation  of  xan- 
thogenate  of  potassa  could  be  perceived.  By  treating 
Venetian  turpentine  in  a similar  manner,  an  oUy  liquid 
was  obtained,  which,  when  dried  over  chloride  of  calcium, 
or  lime,  did  not  appear  to  be  acted  upon  by  powdered 
hydrate  of  potassa.  For  several  hours  after  the  addition 
of  the  potassa,  the  color  of  the  liquid  remained  unaltered, 
and  exhibited  no  change  of  temperature.  On  adding 
sulphide  of  carbon,  a white  sahne  mass  was  formed  after 
some  time,  which  gradually  caused  the  whole  mixture 
to  congeal  into  a jelly.  After  twenty-four  hours  this 
jelly  was  thrown  upon  a filter ; and  when  the  greater 
part  of  the  liquid  which  the  mass  contained  had  run 
off,  the  residue  was  most  carefully  pressed  between 
paper.  A part  of  the  product  thus  obtained  was 
dissolved  after  being  dried;  another  portion  was  shaken 
with  ether,  in  order  to  remove  aU  adherent  oil  and 
resin.  The  ether  was  separated  by  filiation,  and  the 
saline  mass,  after  being  dried,  was  likewise  dissolved  in 
water.  Both  these  solutions  immediately  afforded 
brown  precipitates  with  chloride  of  copper,  but  which 
after  some  time  became  yellow. 

With  nitrate  of  lead,  whitish-yellow  precipitates 
were  produced;  and  with  several  other  solutions  of 
salts,  reactions  similar  to  those  of  xanthogenic  acid  were 
obtained,  except  that  all  the  precipitates  had  in  general 
a somewhat  darker  color.  This  circumstance  led  to 
the  supposition  that  an  ether  had  been  formed  by  the 
action  of  the  potassa  on  the  Venetian  turpentine.  The 
boiling  point  of  the  distillate  was  about  307°  Fahr. ; its 
specific  gravity  0'87° ; the  solubility  in  alcohol  of 
0-823°  specific  gravity,  was  identical  with  that  of  com- 
mon oil  of  turpentine. 

These  properties  agree  so  nearly  with  those  of 
ordinary  turpentine  oil,  that  the  supposition  of  the 
liquid  being  a species  of  ether  was  abandoned;  whereas 
it  was  presumed,  that  if  Venetian  turpentine  was  dis- 
tilled with  water,  the  oil  obtained  would  exhibit  the 
same  relations  to  hydrate  of  potassa  and  sulphide  of 
carbon  as  the  above-mentioned  liquid.  Experiment 
gave  an  affirmative  conclusion.  Common  oil  of  tur- 
pentine, recently  distilled  and  well  freed  from  water, 
was  treated  as  above,  the  results,  upon  the  whole,  were 
the  same ; consequently,  it  is  possible  to  produce,  by 
the  action  of  hydrate  of  potassa  and  sulphide  of  car- 
bon, from  pure  turpentine  oil,  a combination  possessing 
great  resemblance  to  xanthogenic  acid.  But,  in  order 
to  form  this  substance,  it  is  absolutely  necessary  to 
have  well-fused  hydrate  of  potassa;  because,  in  the 
state  in  which  it  is  often  met  with  in  commerce,  it 
contains  too  much  water.  The  whole  of  the  turpen- 
tine oil  cannot  be  decomposed  by  the  sulphide  of  car- 


bon and  hydrate  of  potassa.  The  same  appears  to 
occur  in  this  decomposition  as  in  the  production  of 
terpin;  a part  only  of  the  tui-pentine  oil  enters  into 
the  new  combination. 

ScHARLiNG  observed,  that  though  it  is  asserted  that 
all  pure  turpentine  oil  consists  only  of  Cj^  Hg,  and  that 
the  boiling  point  and  the  specific  gravity  are  alike,  yet 
the  oil  from  Venetian  turpentine  appears  in  several 
respects  to  differ  from  the  oil  of  common  turpentine. 
Thus  the  last-mentioned  oil  is  speedily  colored  by  the 
hydrate  of  potassa,  which  is  not  the  case  with  the  oil 
of  Venetian  turpentine.  The  latter  oil  polarizes  the 
light  to  the  left ; but  only  a rotation  of  25°  is  required 
to  produce  the  violet  color.  The  same  is  the  case 
\vith  a saturated  solution  of  chloride  of  dadyl  in  al- 
cohol, when  the  dadyl  has  been  prepared  from  Vene- 
tian turpentine. 

Common  turpentine  oil  also  polarizes  the  light  to 
the  left;  but,  to  produce  the  violet  shade,  a rotation 
of  70°  is  required.  This  also  happens  both  with  a 
saturated  alcoholic  solution  of  chloride  of  dadyl  pre- 
pared from  common  turpentine  oil,  and  the  liquid  part 
of  that  turpentine  oil  from  which  the  compound  re- 
sembling xanthogenate  of  potassa  had  been  produced. 
The  longer  the  turpentine  oil  has  been  kept,  the  more 
strongly  is  it  acted  upon  by  the  hydrate  of  potassa. 
It  is  owing  to  this  circumstance  that  at  times  it  pro- 
duces an  increase  of  temperature  of  more  than  108' 
Fahr.,  then  forms  a clear  brown  gelatinous  mass, 
which  appears  in  a great  measure  to  prevent  the  pro- 
duction of  the  compound  resembling  xanthogenate  of 
potassa.  Even  when  common  turpentine,  recently 
rectified  and  dried  over  lime,  is  employed  for  the  pre- 
paration of  this  salt,  a much  darker  product  is  gene- 
rally obtained  than  with  oil  from  Venetian  turpentme. 
By  allowing  the  saline  mass,  which  in  general  contains 
potassa  and  sulphide  of  potassium,  to  remain  exposed 
to  the  air,  the  substance  becomes  clearer,  and  the  pre- 
cipitate produced  by  sulphate  of  copper  turns  yellow 
much  sooner. 

The  compound  resembling  xanthogenate  of  potassa 
from  terpin  has  not  yet  been  obtained;  whether  it 
can  be  procured  from  terpinol  remains  undecided. 


Statement  of  the  Imports  and  Exports  of  the  different  bal- 
sams, in  pounds,  at  the  ports  of  the  United  Kingdom,  in  the 
years  1849  and  1850 : — 


1849. 

1850. 

Imported. 

Exported. 

Impoi-ted. 

Exported. 

Canada  balsam, 

Copaiba  “ 

Peru  “ 

Tolu  “ 

Other  sorts, 

6,912 

64,400 

993 

526 

53,536 

1,196 

299 

19,038 

53,200 

13,743 

514 

1,233 

15 

20,944 

3,787 

1,864 

Statement  of  the  Imports  and  Exports  of  the  under-men- 
tioned balsams  at  the  ports  ot  the  United  Kingdom,  in  the 
years  1851,  1852,  and  1853 : — 


1851. 

1852. 

1853. 

Import. 

Export. 

Import. 

Export. 

Import. 

Export 

Canada  balsam, . . 
Copaiba  “ 

Tolu  “ . . 

Peru  “ 

Other  sorts, 

7,923 

69,440 

2,994 

22,848 

145 

1,609 

17,024 

208 

27,208 

21,282 

125,552 

4,048 

16,893 

319 

3,461 

26,208 

623 

18,.598 

100 
117,040 
1 8,610 
34,798 
4,443 

757 

31,920 

1,678 

35,695 

236  BEER Selection  of  Barley. 


BEEE — Mere,  French;  Mer,  German — is  a malt 
liquor  of  any  kind,  or  a spiritous  liquor  made  from 
any  farinaceous  grain,  but  generally  from  barley, 
which  is  first  malted  and  ground,  and  its  fermentable 
substance  extracted  by  hot  water.  This  extract  or 
infusion  is  evaporated  by  boiling  in  caldi’ons,  and  hops, 
or  some  other  plant  of  an  agreeable  bitterness,  added. 
The  liquor  is  then  allowed  to  ferment  in  vats.  It  is  of 
different  degrees  of  strength,  and  is  denominated  small 
beer,  ale,  porter,  brown  stout,  et  cetera,  according  to 
the  quantity  and  nature  of  its  ingredients.  Beer  is 
a name  given  in  America  to  fermenting  hquors  made 
of  various  other  materials ; and  when  a decoction  of 
tlie  roots  of  plants  forms  part  of  the  composition,  it 
is  called  spring  heer,  from  the  season  in  wliich  it  is 
made.  There  is  also  root  beer.  In  Britain,  the  term 
heer  is  applied  in  the  same  way  to  fermented  liquors 
made  from  ginger,  spruce,  and  molasses,  as  well  as  to 
that  procured  from  malt  and  hops.  In  the  time  of 
Tacitus,  whose  treatise  on  the  Manners  of  the  Ger- 
mans was  written  about  the  end  of  the  first  century 
of  the  Christian  era,  beer  was  their  common  diink: 
Pliny  mentions  it  as  being  used  in  Spain,  under  the 
name  of  cmlia  and  ceria;  and  in  Gaul,  under  that  of 
cerevisia\  he  then  proceeds  to  explain,  that  almost 
every  species  of  corn  has  been  used  for  the  manufac- 
ture of  beer.  In  Europe  it  is  usually  made  from 
barley ; in  India  from  rice ; in  the  interior  of  Africa, 
according  to  Mungo  Park,  from  the  seeds  of  the 
liolcus  spicatus,  spiked  or  eared  wall-hardy.  These 
observations  are  corroborated  by  other  authors  of  an- 
tiquity; and  the  cerevisia  of  Pliny  evidently  takes 
its  name  from  Ceres,  the  goddess  of  com — ^lexico- 
graphers doubting  whether  it  ought  not  to  be  written 
cererisia.  Plautus  more  minutely  calls  it  Cerealis 
liquor;  that  is,  liquor  used  at  the  solemn  feasts  in 
honor  of  that  goddess — the  harvest  home;  and  both 
he  and  Columella — a famous  vTiter  on  agriculture, 
who  flourished  in  the  reign  of  Claudius,  and  whose 
work  is  therefore  coeval  with  the  invasion  of  Britain 
by  that  emperor — called  this  Hquor  zythum,  which,  if 
traced  back  to  its  Greek  origin,  is  interpreted,  drinh 
from  barley. 

There  is  no  department  of  the  arts  and  manufac- 
tures where  Chemistry  has  exerted  a more  decided 
influence  than  in  brewing.  In  a state  of  society  like 
the  present,  when  philosophy  and  enterprise  travel 
with  giant  strides,  and  when  eveiy  branch  of  tech- 
nology calls  aloud  for  scientific  aid,  exact  theoretical 
information  cannot  be  too  widely  diffused.  Notwith- 
standing the  trite  saying  which  has  existed  from  time 
immemorial,  that  any  old  woman  can  brew,  it  is  worthy 
of  remark  that  few  old  women,  even  in  Hterature,  are 
chemists,  fewer  chemists  are  brewers,  and  fewer  stiU 
are  the  brewers  who,  by  attention  to  chemical  transfor- 
mations, have  been  able  to  increase  the  quantity  of  the 
useful  extract  from  malt,  and  to  reject  the  errors,  both 
in  theory  and  in  practice,  that  eventually  reduce  the 
labor  of  the  old- woman  brewer  to  futOity  and  loss. 

Many  operative  brewers,  in  some  of  the  largest  town 
establishments,  even  now  ridicule  and  despise  the  idea 
of  chemistry  being  in  any  way  connected  with  the  art 
of  brewing.  Such  ignorant  prejudices  only  perpetuate 


bigotry,  and  cause  an  enormous  waste  of  property ; the 
progress  of  useful  art  is  impeded;  and  its  promoters 
are  ungenerously  maligned  by  a sphit,  which  knows 
not  the  hmited  range  of  its  own  capacity. 

In  the  brewing  of  beer,  the  first  process  of  impor- 
tance which  comes  under  notice  is  that  of  malting. 
Ere  this  can  be  proceeded  vuth,  however,  the  grain  on 
which  to  operate  must  be  chosen,  and  it  is  hoped  the 
few  following  remarks  will  be  found  of  service,  more 
especially  to  the  inexperienced. 

Selection  of  Barley. — Owing  to  the  difference 
of  constituents,  energies,  and  vital  functions  in  grain, 
according  to  the  diversities  of  soil,  chmate,  seed,  or 
husbandry,  in  harvesting,  stacldng,  and  thrashing,  it 
becomes  necessary  that  the  maltster’s  skill  and  ex- 
perience should  be  equal  to  the  important  task  in 
selecting  those  samples  of  corn  which,  by  good  man- 
agement, will  produce  the  richest  and  most  uniform 
malt;  he  ought  not,  moreover,  to  be  restricted  by 
laws  which  are  often  arbitrary  and  unjust,  but  have 
free  scope  in  fully  exercising  his  judgment  and  varying 
his  practice,  according  to  the  quality  of  his  grain  or 
other  attendant  circumstances. 

The  barley  most  suitable  for  conversion  into  malt 
grows  in  large  hedgeless  tracts  of  light  calcareous  soil, 
and  crops,  excellent  in  quality,  also  thrive  on  rich 
loam.  Much,  however,  depends  upon  the  seed:  the 
best  possesses  a bright,  clean,  thin,  wiiukled  husk, 
tenaciously  adhering  to  a plump,  round,  weU-fed  ker- 
nel, which,  when  bruised,  appears  chalky  and  sweet, 
with  a germ  full,  and  of  a pale  yellow  color.  The 
barley  most  profitable  for  malting  is  the  rath,  or  early 
ripe,  which  matures  several  weeks  before  other  sorts, 
and  is  that  which  agriculturists  ought  to  select,  not 
only  on  account  of  its  forwardness,  but  also  because  it 
makes  superior  malt,  in  consequence  of  the  thinness  of 
its  skin  and  the  lusciousness  of  its  nature.  Barley  is 
not  in  a proper  condition  for  malting  until  it  has 
sweated  and  seasoned  in  the  stack;  if  stacked  too 
damp,  it  will  generate  so  much  heat  as  to  destroy  the 
germ.  The  maltster  should  be  careful  in  avoiding 
mixed  barley,  old  and  new,  as  such  can  never  grow 
evenly  or  work  well  together. 

The  medicinal  qualities  of  barley  may  not  be  quite 
so  well  known  as  are  its  nutritive  properties,  and  there- 
fore a brief  glance  at  these  may  not  prove  unaccept- 
able to  the  reader.  In  the  first  degree  they  are  coohng 
and  drying,  gently  repercussive,  abstersive,  diuretic,  and 
anodyne,  appropriated  to  the  hmgs  and  veins,  and  galac- 
togenetic.  Each  variety  possesses  tlie  same  virtues. 

Adept  brewers,  from  their  long  experience,  know  the 
best  kinds  of  grain  to  select. 

Malt  and  Malting. — In  various  parts  of  Peru, 
large  quantities  of  maize  are  converted  into  chica;  and 
it  is  a remarkable  fact,  that  the  grain  used  in  all  such 
cases  has  been  made  to  undergo  the  process  of  malt- 
ing, a proof  that  the  making  of  malt  must  have  been 
known  to  the  inhabitants  of  that  country  from  a very 
remote  period. 

Oats,  peas,  beans,  maize,  buckwheat,  and  common 
wheat,  are  aU  capable  of  being  malted,  and  have  been 
experimented  upon,  but  barley  is  most  prized  for  this 
pm-pose. 


BEEE Steeping-Coucii.  237 


Tlie  heaviest  gi-ain  is  recommended,  as,  if  in  good 
condition,  it  gives  malt  of  corresponding  gravity. 

What  is  here  intended  to  be  understood  by  the 
heaviest  malt  is,  that  it  shall  he  of  a tender  and  fi'iable 
nature  throughout,  and  without  hard  ends,  which  are 
generally  more  similar  in  composition  and  properties  to 
barley  than  to  malt.  The  perfect  article  is  not  always 
attainable,  even  with  the  best  skill  or  management, 
and  it  would,  on  this  account,  be  improper  to  pass 
lightly  or  carelessly  over  such  an  important  subject. 

Malt  may  he  very  heavy  and  yet  hard,  too  much  so 
to  bear  the  name  of  malt ; and  the  inexperienced  may 
be  greatly  deceived,  unless  they  have  sufiBcient  know- 
ledge to  discriminate  between  the  several  varieties  sent 
into  the  market.  At  the  present  time  the  difference  is 
from  one  to  eight  shillings  per  quarter ; within  the  last 
thirty  years,  however,  it  has  been  as  high  as  from  one 
to  sixteen  shillings  per  quarter. 

If  malt  is  short  of  the  extract,  in  comparison  with 
that  of  the  best  quality,  it  is  also  deficient  of  fine  flavor. 

The  utmost  skill  is  required  to  produce  a malt  of 
abundant  sweetness  and  friability;  when  these  are 
attained,  it  wfil  never  he  too  heavy. 

If  the  brewer  is  also  a maltster,  as  he  ought  to  be, 
both  in  knowledge  and  in  practice,  he  can  procure  malt 
any  color  he  pleases ; but  even  if  he  be  not,  there  will 
be  no  great  difficulty  in  giving  the  necessary  order  for 
any  peculiar  tint  or  flavor,  either  pale,  amber,  brown, 
or  any  intermediate  shade. 

Much  space  might  he  occupied  in  giving  a full  dis- 
sertation on  this  subject;  it  will  therefore  be  treated  of 
in  as  concise  and  clear  a manner  as  is  possible,  so  as  to 
include  the  principles  and  main  features  of  the  most 
approved  systems. 

The  whole  process  is  comprised  under  these  succes- 
sive operations ; steeping,  couching,  flooring,  and  kiln- 
drying. 

Steeping. — Without  the  first — steeping — the  grain 
will  not  vegetate,  which  is  requisite  before  its  nature 
can  be  changed. 

The  steeping  is  usually  performed  in  large  wooden 
or  stone  cisterns,  into  which  the  grain  to  be  malted, 
already  screened  down  and  nicely  levelled,  is  shot ; it 
must  be  charged  with  liquor  to  six  or  seven  inches 
above  the  barley,  and,  although  the  grain  has  been 
well  cleaned,  there  will  always  he  some  light  grains 
and  other  matter  floating  on  the  surface  of  the  hquor, 
which  must  be  skimmed  off,  otherwise,  if  retained, 
they  would  impair  the  quality  of  the  article,  and  also 
the  flavor  of  the  beer  made  from  it.  However,  the 
improved  cultivation  of  the  soil,  and  the  new  varieties 
of  barley,  have  of  late  years  done  away  with  the  neces- 
sity of  skimming. 

In  consequence  of  the  absorption  of  moisture,  the 
grain  swells  about  one-fifth  in  bulk,  and  increases  about 
fifty  per  cent,  in  weight,  one  hundred  pounds  of  barley 
thus  becoming  one  hundred  and  fifty. 

The  object  of  steeping  is  to  expand  the  farina  of  the 
barley  with  humidity,  and  thus  make  the  seed  fit  for 
germination,  when  subsequently  exposed  to  the  air. 
Too  much  steeping  is  injurious,  because  it  prevents  the 
germination  at  the  proper  time,  in  consequence  of  the 
air  being  excluded  whilst  the  superahxmdance  of  water 


is  spontaneously  evaporating;  it  is  hurtful,  also,  in 
extracting  a portion  of  the  saccharine  matter.  The 
maceration  is  known  to  be  complete  when  the  grain 
may  he  easily  perforated  with  a common  needle,  and 
is  swollen  to  its  full  size;  or  if  a harley-com,  when 
taken  between  the  thumb  and  fingers  and  pressed, 
sheds  its  flour  upon  them,  it  is  ready;  but  if  it  con- 
tinues entire,  or  its  substance  exudes  as  a milky  juice, 
it  is  either,  in  the  first  instance,  not  sufficiently  steeped, 
or,  in  the  latter,  the  steep  has  been  too  long  continued, 
and  the  grain  is  spoiled  for  germination. 

In  warm  weather  it  sometimes  happens,  that,  before 
the  grain  has  completely  sweU’ed,  the  water  becomes 
acescent ; this  circumstance,  which  is  very  soon  dis- 
covered, may  he  immediately  remedied  by  di'awing  off 
the  foul  liquor  by  means  of  the  tap  at  the  bottom  of 
the  cistern,  and  replacing  it  with  fresh  cold  water.  No 
harm  is  done  even  if  it  be  renewed  three  times  during 
one  steep. 

The  time  of  steeping,  which  varies  according  to  the 
temperature  and  other  circumstances,  requiring  in 
winter  a longer  and  in  summer  a shorter  period,  is 
reckoned  technically  by  the  term  tide,  each  being  of 
twelve  hours’  duration.  In  winter  it  may  extend  over 
five  and  a half  or  six  tides,  from  the  time  the  liquor  is 
put  into  the  cistern  to  the  time  of  letting,  sixty-six  or 
seventy- two  hours ; at  others  it  will  cease  to  swell  much 
sooner,  hut,  as  a general  rule,  it  should  lie  in  the 
cistern  until  it  wUl  no  longer  swell,  after  which,  the 
liquor  being  di'awn  off,  it  should  he  left  to  di’ain  for  six 
hours  before  it  is  emptied  into  the  couch.  If  now  the 
skin,  which  is  somewhat  loosened,  be  partially  removed  I 
from  the  kernel,  and  the  two  ends  are  slightly  pressed, 
the  latter  will  be  seen  to  be  partly  separated. 

The  Couch. — The  water  being  drawn  off,  and  a fresh 
quantity  occasionally  passed  through,  to  depurate  the 
grain  from  any  slimy  matter  which  may  have  been 
generated,  it  is  laid  upon  the  stone  flag-floor  of  the 
couch  in  square  heaps,  from  twelve  to  sixteen  inches 
in  deptli,  and  left  in  that  position  for  twenty-four  hours. 

The  bulk  of  the  grain  being  greatest  at  this  time,  the 
revenue  officers  may,  if  they  think  fit,  gage  it.  The 
surface  of  the  barley  is  now  so  entirely  freed  from 
moisture,  that  it  does  not  feel  damp.  By  degrees, 
however,  it  becomes  warm,  its  temperature  being  10° 
above  that  of  the  atmosphere,  and  it  gives  out  an 
agreeable  fruity  smell.  If  at  this  time  the  hand  is 
thrust  into  the  heap,  it  gets  bedewed  with  moisture, 
and  at  this  sweating  stage  the  germination  commences ; 
the  fibrils  of  the  radicle  first  shoot  forth  from  the  tip 
of  every  grain,  and  a white  elevation  appears,  which 
soon  separates  into  three  or  more  rapidly  increasing 
radicles.  About  a day  after  this  appearance,  the  plu- 
mula — acrospire  of  the  maltster — peeps  forth  from  the 
same  point,  and  would  proceed  under  the  husk  until  it 
appeared  at  the  other  end  of  the  seed,  as  a green  leaflet; 
but  this  never  happens  in  malting,  as  the  operation  is 
finished  before  it  takes  place. 

About  ninety-six  hours  after  the  barley  has  been 
taken  out  of  the  steep,  the  heat  is  the  greatest,  conse- 
quently the  radicles  increase  in  length  with  great  rapi- 
dity, and  must  be  checked  by  artificial  means,  wliicb 
constitute  the  chief  art  of  the  maltster. 
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The  barley  must  be  spread  out  thinner  upon  the 
floor,  and  turned  several  times  a-day — as  shown  in 
Fig.  150 — the  interior  being  always  brought,  by  the 
spades  of  the  workmen,  to  the  surface.  The  depth, 
originally  fifteen  or  sixteen  inches,  is  lessened  slightly 
at  each  turning,  till  it  is  at  last  not  more  than  three  or 
four  inches.  Two  spadings  per  day  are  generally 
requisite.  At  this  period  of  spreading  o-r  flooring,  the 
temperature  in  England  is  about  62°  Fahr.,  but  in 
Scotland  only  56°  or  57°. 

The  rudiments  of  the  stem,  or  the  plumula,  sprout 
forth  about  a day  after  the  appearance  of  the  radicles. 

To  a limited  extent  the  barley  absorbs  oxygen  and  emits 
carbonic  acid,  just  as  animals  do  in  breathing;  the  grain 

Pi- 


loses from  one  and  a half  to  three  per  cent,  of  its  weight 
upon  the  malt  floor,  a portion  of  this  being  due  to  waste 
particles.  As  the  acrospire  creeps  along  the  surface  of 
the  seed,  the  constituents  undergo  a remarkable  altera- 
tion. The  gluten  and  mucilage  in  a great  degree  dis- 
appear, the  color  becomes  whiter,  and  the  substance  so 
friable  that  it  crumbles  into  meal  between  the  fingers. 
This  is  the  great  object  of  malting,  which  is  accom- 
plished when  the  acrospire  has  reached  the  end  of  the 
seed.  At  this  period  the  growth  must  be  completely 
stopped.  The  duration  of  the  germination  in  England 
may  be  reckoned  fourteen  days;  but  in  Scotland 
eighteen  or  even  twenty-one  are  required,  owing  to 
the  lower  temperature  of  the  couch. 

150. 


The  shorter  the  period  within  these  limits  the  better, 
as  there  will  be  a quicker  return  of  capital,  and  the 
malt  produced  is  superior.  In  dry  weather  it  is  some- 
times necessary  to  moisten  the  barley  upon  the  couch. 

If  an  offensive  odor,  somewhat  resembling  that  of 
rotten  apples,  be  observed  to  arise  from  the  couch,  it  is 
a bad  omen,  showing  that  either  the  quality  of  the 
barley  was  inferior,  or  that,  through  carelessness,  the 
workmen  have  crushed  a number  of  the  grains  in 
turning. 

On  this  accoimt,  when  the  weather  causes  germina- 
tion too  quickly,  it  is  better  to  arrest  it  by  spreading 
tlie  heap  out  thinner  than  by  turning  it  too  often. 

Comparing  different  samples  of  barley,  it  will  be 
found  that  the  best  develop  the  acrospire  quicker  than 
the  radicles,  and  thus  give  rise  to  a greater  production 
of  the  saccharine  principle ; this  conversion  advances 
and  keeps  pace  with  the  acrospire,  so  that  the  portion 
of  the  grain  to  which  it  has  not  reached  remains  in  its 
imaltered  starchy  state.  It  is  never  complete  till  the 
acrospire  has  attained  the  opposite  end  to  that  from 


which  it  sprimg;  hence  one  portion  of  the  corn  may  be 
sugary,  while  the  other  is  still  tasteless.  K the  grain 
was  allowed  to  vegetate  beyond  this  term,  the  radicles 
being  one-third  of  an  inch  long,  the  future  stem  would 
become  visibly  green,  it  would  shoot  forth  rapidly,  the 
interior  of  the  grain  would  appear  milky,  a complete 
exhaustion  of  all  its  useful  constituents  would  ensue, 
and  nothing  but  husk  remain. 

In  France,  the  brewers,  who  are  generally  their  own 
maltsters,  seldom  leave  the  barley  on  the  couch  longer 
than  eight  or  ten  days,  which  is  too  short  a period, 
even  when  allowance  is  made  for  the  extra  warmth  of 
the  climate;  hence  the  wort,  made  from  the  same 
quantity  of  malt,  is  much  inferior  to  that  of  the  English 
brewer. 

At  the  conclusion  of  the  germination,  the  radicles 
have  become  once  and  a half  as  long  as  the  barley,  and 
are  so  contorted  that  the  corns  hook  one  into  another, 
but  the  acrospire  is  just  beginning  to  make  its  ap- 
pearance. 

A moderate  temperature  is  best  fitted  for  malting;  it 
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cannot,  therefore,  be  well  carried  on  in  the  heat  of 
summer  or  the  cold  of  winter.  Malt  floors  should  be 
placed  in  substantial  thick-waUed  buildings,  the  more 
concealed  from  the  rays  of  the  sun  the  better,  so  that  a 
temperature  of  59°  or  60°  Fahr.  may  uniformly  per- 
vade the  interior.  They  are  said  by  some  to  be  better 
when  sunk  slightly  under  the  surface  of  the  ground, 
provided  that  the  situation  is  dry. 

During  germination,  portions  of  the  glutinous  con- 
stituent of  the  grain  disappear,  which  it  is  conjec- 
tured have  passed  into  the  radicles,  while  a portion 
of  the  starch  is  converted  into  sugar  and  mucilage. 
The  change  is  simUar  to  that  which  starch  undergoes 
when  dissolved  in  water,  and  digested  at  a heat  of 
about  160°  Fahr.  with  a little  gluten.  The  thick  paste 
becomes  by  degrees  liquid,  transparent,  and  sweetish  to 
the  taste,  the  solution  containing  sugar  and  gum  mixed 
with  some  unaltered  starch.  At  the  same  time  the 
gluten  undergoes  a change  and  becomes  acescent,  so 
that  only  a certain  amount  of  starch  can  be  thus  modi- 
fied by  a quantity  of  gluten.  By  the  artificial  growth 
upon  the  malt  floor,  the  whole  of  the  gluten  and  albu- 
men is  not  decomposed,  and  only  about  one-half  of  the 
starch  is  changed  into  sugar ; by  a continuance  of  the 
germination,  the  remainder  would  only  assist  the  growth 
of  the  roots  and  stems,  but  it  is  nearly  altogether  con- 
verted into  sugar,  without  any  very  great  waste  of  sub- 
stance, in  the  brewer’s  operation  of  mashing. 

If  the  grain  is  suffered  to  sprout  in  the  couch,  it  will 
never  be  even  afterwards,  as  those  corns  which  are 
sprouted  will  attract  more  than  their  proper  share  of 
moisture ; moving  and  turning  in  due  time  will,  how- 
ever, retard  this,  and  cause  each  corn  to  shoot  almost 
simultaneously. 

The  Flooring. — In  this  operation  the  grain  is  turned 
inside  out  from  the  couch  into  the  bed,  which  is  made 
to  occupy  two  or  three  times  as  much  space  as  the 
former,  according  to  the  temperature.  It  may  lie  here 
for  about  six  hours,  observing  in  the  interim  whether 
the  grains  are  commencing  to  shoot ; or,  if  this  is  not 
the  case,  giving  it  a gentle  turning,  and  spreading  it 
out  thinner,  before  the  expiration  of  the  period  named ; 
it  may  be  laid  aU  the  width  of  the  floor,  and  permitted 
to  remain  for  another  six  hours,  when  all  the  healthy 
corns  will  be  sprouted;  it  is  then  again  thinned,  and 
after  this,  while  it  is  in  full  vigor,  often  turned ; by  this 
means  the  root  is  kept  short  and  bushy,  and  retains 
the  moisture  as  long  as  is  requisite,  to  the  period  of 
its  withering,  if  the  process  be  of  sufficient  duration, 
without  sprinlding. 

The  root  begins  to  fade  about  the  eleventh  or 
twelfth  day. 

If)  on  taking  a handful  of  the  grain  from  the  floor,  it 
smells  faint,  and  the  skin  is  glossy  or  wet,  it  requires 
turning.  After  this  it  will  smell  fresh,  and  the  grain, 
instead  of  being  glossy,  will  be  dry.  If  the  turning  is 
omitted  at  the  proper  time,  the  root  will  be  of  unequal 
length. 

On  the  grain  begiiming  to  wither,  it  may  be  spread 
out  thicker,  to  generate  a little  more  warmth,  and  to 
mellow  it,  still  keeping  it  frequently  turned,  to  prevent 
a glossy  appearance,  until  the  moisture  is  further  ex- 
pelled, and  also  to  retard  the  progress  of  the  acrospire. 


The  grain,  when  ready  for  drying,  must  easily  rub 
to  meal  between  the  fingers,  after  being  deprived  of  the 
skin. 

Kiln-drying. — When  the  malt  has  become  percep- 
tibly dry  to  the  hand  upon  the  floor,  it  is  taken  to  the 
kiln  and  hardened  with  artificial  heat,  to  prevent  all 
further  gi’owth,  and  enable  it  to  be  kept,  without  fear 
of  change,  for  use. 

The  malt  should  be  evenly  spread  upon  the  ^lying 
cloth,  or  floor,  in  a layer  varying  from  three  to  ten 
inches  in  thickness,  according  to  the  variety  which  is 
to  be  produced,  and  a heat  of  from  90°  to  100°  Fahr. 
steadily  maintained,  till  the  moisture  is  for  the  most 
part  driven  off.  During  this  time  the  malt  must  be 
turned  over,  at  first  frequently,  and,  towards  the  con- 
clusion, every  third  or  fourth  hour.  When  nearly  dry, 
the  temperature  of  the  kiln  should  stand  between  145° 
and  165°  Fahr.,  and  this  heat  must  be  maintained  till 
the  grain  has  acquired  the  desired  color. 

The  fire  is  now  allowed  to  die  out,  and  the  malt  is 
left  on  the  kiln  till  sufficiently  cool,  this  result  being 
greatly  accelerated  by  the  stream  of  cold  air  rising  up 
through  the  bars  of  the  grate.  Thoroughly  dry  brown 
malt  may,  however,  by  damping  the  fire,  be  taken  hot 
off  the  plates,  and  cooled  in  some  contiguous  apart- 
ment. The  kiln-drying  shordd  not  be  hurried ; many 
per.sons  occupy  two  days  in  the  operation.  The  malt, 
when  prepared,  must  be  kept  in  a dry  loft,  where  it 
can  be  occasionally  turned  over  till  used. 

The  temperature  of  the  kiln'  should,  in  all  cases,  be 
most  steadily  maintained,  and,  when  required,  gradu- 
ally elevated. 

If  the  drying  commences  with  too  great  a heat,  the 
outer  part  of  the  grain  hardens,  and  prevents  the 
interior  moisture  from  evaporating ; should  this  be 
driven  off  by  too  high  a temperature,  the  husk  will,  in 
all  probability,  split,  and  the  farina  become  horny  and 
very  refractory  in  the  mash. 

It  is  preferable,  therefore,  to  brown  malt  by  a long  - 
continued  moderate  heat,  than  to  apply  a strong  one 
for  a shorter  period,  which  might  carbonize  a portion 
of  the  mucilaginous  sugar,  thereby  deteriorating  the 
value  of  the  product. 

In  this  manner  the  sweet,  very  often  changes  to  a 
bitter  principle. 

During  the  drying,  the  roots  and  acrospire  of  the 
barley  become  brittle,  and  are,  by  the  friction  o-f 
turning,  et  cetera,  broken  off,  and  are  afterwards  sepa- 
rated by  a fine  wire  sieve — Fig.  151,  in  the  next  page. 
This  operation  is  termed  cleaning. 

The  hulk  of  good  malt  exceeds  that  of  the  barley 
from  which  it  was  fabricated,  by  about  eight  or  nine 
per  cent. 

The  benefit  derived  from  kiln-drjdng  is  not  merely 
confined  to  the  expulsion  of  the  moisture,  a portion  of 
the  starch  which  was  unchanged  is  by  it  converted  into 
sugar  in  a double  or  twofold  way : firstly,  by  the  action 
of  the  gluten  upon  the  fecula  at  an  elevated  tempera- 
ture; and,  secondly,  by  the  incipient  roasting  the 
starch  is  subjected  to,  giving  it  a kind  of  gummy 
nature. 

This  is  illustrated  by  the  fact  that  malt,  fi-eed  from 
moisture  as  much  as  possible  in  a dry  atmosphere 
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without  heat,  yields  much  less  saccharine  extract  than 
that  dried  ordinarily.  Moreover,  kiln-dried  malt  has  a 
peculiar,  agreeable,  and  faintly-bumt  taste,  probably 
from  some  empyreumatic  oil  generated  in  the  husk, 
and  which  imparts  its  flavor  to  the  beer,  at  the  same 
time  that  it  assists  in  preserving  it.  The  skilful  pre- 
paration of  the  malt  must  necessarily  exercise  a very 
great  influence  on  the  worts  which  are  prepared  from 
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it.  If  the  germination  be  pushed  too  far,  a portion  of 
the  valuable  matter  is  wasted,  while,  if  it  is  not  carried 
on  sufficiently  long,  the  malt  will  be  too  raw,  and 
much  of  its  starch  will  remain  insoluble;  if  it  is  too 
highly  kiln-dried,  a portion  of  its  sugar  will  become 
caramelized  and  bitter;  and  if  the  sweating  was  irre- 


gular or  imperfect,  much  of  the  barley  may  be  lumpy 
or  useless. 

The  grains  of  good  malt  are  round  and  full,  break 
freely  between  the  teeth,  have  a sweetish  taste,  an 


agreeable  smell,  and  are  full  of  soft  flour.  They  give 
no  unpleasant  taste  on  being  masticated ; are  not  hard, 
so  that  they  will  give  a free  white  streak,  hke  chalk, 
when  drawn  contrariwise  to  the  fibres  of  wood;  and, 
lastly,  wfll  swim  on  water,  as  is  not  the  case  with 
unmalted  barley.  ______ 

Malt-Mln. — The  construction  of  a well-contrived 
malt-kiln  is  shown  in  Figs.  152,  153,  154,  155:  the 
first  being  the  ground  plan;  the  second,  a vertical  sec- 
tion; the  third,  a horizontal,  and  the  fourth,  a vertical 
I section  in  the  line  of  the  malt  plates.  The  same  letters 
i in  each  of  the  figures  are  indicative  of  similar  parts. 

In  the  middle,  upon  a wall  of  brickwork  four  feet 
high,  is  supported  a cast-iron  cupola-shaped  oven,  and 
beneath  it  are  the  grate  and  ash-pit.  The  smoke 
escapes  through  two  equidistant  pipes  into  the  chim- 
ney. a is  the  grate,  nine  inches  below  the  sole  of  the 
oven,  h;  cccc,  are  four  strong  nine-inch  pillars  of  brick- 
work bearing  the  stone  lintel,  m;  d d d dd d,  are  simi- 
lar supports  for  the  girder  and  joists,  upon  which  are 
laid  perforated  plates;  e indicates  a vaulted  arch  on 
each  of  the  four  sides  of  the  kiln ; / is  a space  between 
the  kiln  and  the  side  arch,  aUowing  of  the  inspection 
and  cleaning  of  the  kfln;  g g,  walls,  on  which  the 
arches  rest,  on  each  side  of  the  kiln ; h,  the  ash-pit ; k 
is  the  fumace-door;  and  ll  are  junction  pieces  con- 
necting the  pipes,  rr,  with  the  kfln. 

These  smoke-draughts  rest  about  three  feet  from  the 
walls,  and  a similar  distance  from  the  malt-plates,  upon 
iron  supports  seemed  to  the  arches.  They  are  indi- 
cated in  the  vertical  section — Fig.  153 — by  the  letters 
mt;  ‘^t  ss — Fig.  155 — they  enter  the  chimney,  to 
which  is  supphed  two  register  or  damper  plates, 
intended  to  regulate  the  draught.  These 
registers  are  represented  by  tt-,  the  lintel, 
m — Fig.  153 — is  intended  to  cause  the  heat 
to  spread  laterally,  instead  of  ascending  in  one 
mass  in  the  middle,  and  prevents  any  combus- 
tible particles  from  falling  upon  the  iron  cupola; 
n n are  main  girders  of  iron  supporting  the 
joists,  o 0,  of  the  same  material,  upon  which  the 
perforated  plates,  p,  lie;  g is  a vapor  pipe  in 
the  middle  of  the  roof,  allowing  the  steam  of 
the  (hying  malt  to  escape. 

This  kiln  may  be  heated  either  with  coal  or 
wood.  The  size  is  about  twenty  feet  square, 
but  it  may  either  be  proportionally  enlarged  or 
diminished,  as  seems  advisable.  The  perforated 
floor  should  be  large  enough  for  the  contents  of 
one  couch  or  steep  to  be  spread  out  upon. 

It  can  be  heated  by  means  of  steam  pipes, 
laid  irregularly,  or  in  parallel  lines  under  it,  or 
a wire-gauze  web  might  be  extended  upon  such 
pipes.  This  steam  apparatus  might,  without 
danger,  be  supported  by  joists  of  timber.  For 
drying  the  pale  malt  of  the  brewers,  this  plan 
is  well  adapted. 

Gas- Drying. — A patent  was  recently  granted 
to  Mr.  Hallewell  of  Leeds,  for  improve- 
ments in  maltmg,  in  consequence  of  drying  by  gas  in- 
stead of  the  usual  process.  This  invention  is  stated  to 
augment  the  yield  of  malt  twelve  per  cent.,  that  is, 
something  like  one  bushel  out  of  every  eight  malted. 
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The  malt  to  be  di'ied  is  laid  on  an  ordinary  per- 
forated floor  of  iron  plates,  and  very  small  jets  of  gas 
are  applied  within  inches  of  its  under  side. 

During  the  first  twelve  hours  the  temperature  rises 
to  70°  Fahr. ; at  the  expiration  of  forty  hours,  it  reaches 
120°  without  any  increase  in  the  consumption  of  gas. 

When  this  degree  has  been  attained,  the  malt  is, 
comparatively,  perfectly  dry,  and  quite  pale.  It  is 
very  fine  in  appearance,  and  remarkable  for  its  peculiar 
sweetness;  and  being  freer  from  moisture  than  most 
malt  kilned  in  the  usual  way,  as  on  analysis  it  only 
gave  5'89  per  cent. — see  page  24.3 — it  passes  through 
the  rollers  in  grinding  in  one-fourth  less  time  than  the 
ordinary  product.  The  cost  of  exsiccation  is  said  to  be 
about  two  per  cent,  over  that  by  the  common  method; 
but  as  the  produce  is  above  twelve  per  cent,  more, 
there  is  a clear  advantage. 

According  to  Mr.  Hallewell,  the  worts  are  drawn 
BO  closely  from  his  malt  as  to  be  below  four  poimds  per 
barrel  gravity.  He  says: — If  the  worts  were  drawn 
as  low  from  cinder-dried  malt,  the  acid  of  the  liquor 
would  be  so  strong  as  to  be  quite  nauseous  and  in- 
jurious. 

The  advantages  and  beneficial  effects  of  this  new 
system  of  desiccation,  no  doubt,  arise  in  part  from  the 
small  quantity  of  water  which  the  malt  contains,  and 
the  absence  of  sulphur,  of  which  there  is  always  a 
certain  amount  in  the  coke  ordinarily  used  for  drying ; 
the  result  is  the  evolution  of  sulphurous  acid,  which 
certainly  affects  the  malt,  bleaching  it,  and  leaving 
some  sulphuric  acid  behind,  which,  when  water  free 
ttom  carbonate  is  employed,  seriously  interferes  with 
the  fermentation. 

Regarding  the  truth  of  the  foregoing  statement  of 
the  increase  consequent  upon  the  use  of  the  gas-dried 
malt,  the  Editor  has  had  no  immediate  opportunity  of 
judging;  but  it  has  been  corroborated  by  very  eminent 
brewers  in  London  and  elsewhere.  This  invemion 
must  be  of  material  importance  in  other  cases  than  that 
of  making  beer ; but  especially  brewers  will  benefit  by 
it,  and  more  so  when  the  duty  on  malt  is  high. 

Malting  in  Munich. — The  barley  is  steeped  till 
the  acrospire  seems  to  be  quickened ; a circumstance 
indicated  by  a swelling  at  the  end  of  the  gram  which 
was  attached  to  the  footstalk,  as  also  when,  on  pressing 
a pile  between  two  fingers  against  the  thumb  nail,  a 
slight  projection  of  the  embryo  is  perceptible.  As  long, 
however,  as  the  seed-germ  sticks  too  firm  to  the  husk, 
it  has  not  been  steeped  enough  for  exposure  on  the 
underground  malt  floor.  Nor  can  deficient  steeping  be 
safely  made  up  for  afterwards,  by  sprinkling  the  malt- 
couch  with  a watering-can,  which  is  apt  to  render  the 
malting  irregular.  The  steep-water  should  be  changed 
repeatedly,  according  to  the  degree  of  foulness  and 
hardness  of  the  barley : first,  six  hours  after  immersion, 
having  previously  stirred  the  whole  mass  several  times ; 
afterwards,  in  winter,  every  twenty-four,  but  in  sum- 
mer, every  twelve  hours.  It  loses  none  of  its  substance 
in  this  way,  whatever  vulgar  prejudice  may  think  to 
the  contrary.  After  letting  off  the  last  water  from  the 
stone  cistern,  the  Bavarians  leave  the  barley  to  drain 
in  it  during  four  or  six  hours.  It  is  now  taken  out, 
and  laid  on  the  couch  floor  in  a square  heap,  eight  or 
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ten  inches  high,  and  it  is  dexterously  turned  over,  morn- 
ing and  evem’ng,  so  as  to  throw  the  middle  portion 
upon  the  top  and  bottom  of  the  new-made  couch. 
When  the  acrospire  has  become  as  long  as  the  grain 
itself,  the  malt  is  carried  to  the  withering  or  drying 
floor,  in  the  open  air,  where  it  is  exposed  in  dry 
weather,  during  eight  to  fourteen  days,  being  daily 
turned  over  three  times  with  a winnowing  shovel.  It 
is  next  dried  on  a well-constructed  eylinder,  or  flue- 
heated  malt  kiln,  at  a gentle,  clear  heat,  without  being 
browned  in  the  slightest  degree,  while  it  turns  friable 
into  a fine  white  meal.  Smoked  malt  is  entirely  re- 
jected by  the  best  Bavarian  brewers.  Their  malt  is 
dried  on  a series  of  wove-wire  horizontal  shelves,  plaeed 
over  each  other ; up  through  the  interstices  or  perfora- 
tions of  which,  streams  of  air,  heated  to  only  122°  Fahr., 
rise  from  the  surfaces  of  rows  of  hot  sheet-iron  pipe 
flues,  arranged  a little  way  below  the  shelves.  Into 
these  pipes  the  smoke  and  burned  air  of  a little  furnace 
on  the  ground  are  admitted.  The  whole  is  enclosed 
in  a vaulted  chamber,  from  the  top  of  which  a large 
wooden  pipe  issues,  for  eonveying  away  the  steam  from 
the  drying  malt.  Each  charge  may  be  completely 
exsiccated  on  this  kiln  in  the  space  of  from  eighteen  to 
twenty-four  hours,  by  a gentle  uniform  heat,  which 
does  not  injure  the  diastase,  or  discolor  the  farina. — 
Ure. 

In  concluding  the  account  of  Malting,  the  Editor 
cannot  refrain  from  making  a comparison  between  the 
present  system  and  the  ingenious  and  excellent  one 
lately  patented  by  Mr.  W.  L.  Tizard,  the  eminent 
mechanical  and  consulting  engineer  of  London. 

It  is  well  known  that  even  an  ordinary  malting  estab- 
lishment includes  an  extensive  range  of  buildings,  con- 
taining a cistern,  a couch,  extensive  floors,  and  the 
kiln.  Mr.  Tizard’s  newly-invented  malting  apparatus 
consists  of  a vertical  cylinder,  containing  a series  of 
wire  trays,  provided  with  sprinkling  and  turning  ap- 
paratus and  steam  pipes,  vacuum  and  idiinge  pumps, 
vacuum  and  pressure  gages,  thermometer,  et  cetera,  and 
worked  throughout  the  whole  year  with  75  per  cent, 
less  labor,  and  50  per  eent.  less  fuel  than  the  old  one. 
Experienced  men  admit,  that  of  late  the  harvests  have 
been  so  rmpropitious,  that  the  farmer  is  unable  to 
secure  his  barley  crop  sufficiently  dry  for  the  purpose 
of  the  maltster,  and  the  latter  asserts  tliat  it  is  neces- 
sary to  dry  or  sweat  the  grain  artificiafly  on  a kiln,  pre- 
vious to  its  saturation  with  water  in  the  cistern.  The 
process  of  sweating  is,  however,  neglected,  on  account 
of  the  great  trouble  it  gives,  or  from  there  not  being  an 
extra  kiln  provided  for  the  purpose.  Hence  the  malt- 
ing is  commenced  in  a slovenly  and  imperfect  manner. 
The  temperature  of  the  steeping  liquor,  and  the  number 
of  hours  allowed  for  the  saturation  of  the  grain,  are 
also  disregarded  as  matters  of  routine,  notwithstanding 
that  they  are  points  of  very  ^eat  importance  as  affect- 
ing its  manufacture  into  malt.  With  the  new  appa- 
ratus, the  process  is  commenced  and  finished  in  one 
vessel,  which  is  a cylinder,  occupying  but  one-twen- 
tietli  the  area  of  a malt-house.  The  barle}'  gravitates 
from  the  stores  above  into  each  tray ; after  which  the 
door  is  screwed  up,  and  the  cylinder  made  air-tight. 
The  conversion  of  the  grain  into  malt  commences 
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thus  : — A cuiTeiit  of  steam  is  passed  through  a series  of 
tubes  lying  under  the  bottom  of  each  tray,  which  im- 
parts its  caloric  to  the  grain,  by  which  all  superfluous 
moisture  and  atmospheric  air  escape  from  each  corn  in 
the  form  of  vapor.  Wlien  the  contents  of  tlie  cylinder 
are  heated  to  the  temperature  of  about  100°  Fahr.,  the 
vacuum  pumps  are  put  in  motion,  by  which  such  vapor 
is  extracted,  and  a partial  vacuum  created.  The  atmo- 
spheric pressure  being  thus  removed,  and  the  dilata- 
tion of  the  grain  eflected,  a vacuity  necessarily  exists  in 
I the  pores  and  interstices  of  each  corn.  In  this  favor- 
able condition  it  imbibes  steeping  liquor  at  a tempera- 
ture of  53°.  Thus  the  steeping  is  accelerated,  and  a 
perfect  saturation  produced.  The  grain  is  now  allowed 
to  germinate ; but  throughout  this  interesting  process, 
the  laws  of  nature  are  subject  to  the  controUing  hand 
of  science,  which  has  here  brought  to  its  aid  all  the 
I mechanical  means  necessary  to  achieve  the  great  object 
of  the  maltster,  namely,  that  of  thoroughly  exposing 
and  making  available  the  whole  farina  of  the  corn, 
without  which  the  article  would  be  imperfect.  This  is 
eflected  and  kept  within  the  range  of  proper  tempera- 
tures by  a steady  sprinkling  and  evaporation  of  cold 
water,  accompanied  by  the  constantly  evolving  carbonic 
acid,  which  are  together  removed  by  the  vacuum  pumps. 
On  the  other  hand,  its  temperature  might  be  increased, 
and  the  process  accelerated,  by  occasionally  applying 
the  plunge  pumps,  which  subjects  the  manufacture  to 
atmospheric  pressure.  The  great  revenue  arising  from 
the  malt  duty  will,  to  a moral  certainty,  render  this 
invention  as  acceptable  to  her  Majesty’s  Commissioners 
of  Excise,  and  the  Chancellor  of  the  Exchequer,  as  to 
the  honest  maltster;  inasmuch  as  it  admits  of  being 
locked  up,  like  a rectifier’s  still,  as  soon  as  the  barley  is 
mtroduced,  and  need  not  be  opened  till  the  manufacture 
is  complete,  and  the  malt  ready  to  be  removed  to  the 
stores ; so  that  the  whole  process  is  proof  against  fraud, 
and  the  daily  supervision  of  the  officers  of  Excise 
could  be  dispensed  with. 

Space  will  not  admit  of  a disquisition  on  the  com- 
parative merits  of  the  old  and  new  processes  of  couch- 
ing, flooring,  sprinkling,  germinating,  turning,  heaping, 
j and  witherhig,  but  a brief  description  of  the  curing 
or  finishing  process,  termed  drying,  cannot  be  dis- 
pensed with.  This  can  be  accomplished  without  the 
I painful  experience  of  having  destroyed  the  vitality 
j of  the  grain  by  the  barbarous  shovel,  or  the  soles  of 
the  feet;  by  excessive  light;  cold  or  hot  currents,  or 
other  incidental  causes.  Presuming,  then,  that  tlie 
new  apparatus  has  supplied  the  necessary  moisture 
and  atmospheric  air,  and  abstracted  all  superfluous 
caloric,  and  the  carbonic  acid  gas  generated  by  the 
germination  of  the  gi'ain,  which  it  cannot  fail  to  do 
to  perfection,  the  drying  is  performed  as  follows: — 
Steam  is  passed  througli  the  pipes,  speedily  raising 
the  temperature  of  the  contents  of  the  cylinder  to  90° 
or  100°.  The  vacuum  pumps  are  also  put  in  requisi- 
tion, which  immediately  extract  the  steam  as  it  flows 
out  of  the  grain,  preserving  a q>artial  vacuum  on  its 
exterior,  during  the  withdrawal  of  the  whole  of  the 
moisture.  The  malt  is  thus  thoroughly  dried  in  a dis- 
tended form,  and  its  original  plumpness  is  preserved. 
It  is  acknowledged  that  the  palest  malt  produces  the 


largest  amount  of  extract,  and  that  it  cannot  be  too 
pale  if  properly  desiccated.  The  apparatus  thus  briefly 
alluded  to,  has  been  designed  by  a practical  maltster 
and  brewer,  with  the  view  of  advancing  one  of  the 
most  important  of  our  national  manufactures,  and  one 
which  is  most  susceptible  of  improvement,  the  common 
malting  processes  being  rude  and  unsatisfactory  in  the 
extreme.  Here  is  a complete  set  of  apparatus  to 
enable  an  intelligent  operator  to  control  the  various 
processes  of  sweating,  steeping,  and  converting  the 
farina  of  his  corn  into  sugar,  and  of  exsiccating  it  to 
perfection,  without  imparting  the  least  possible  color 
or  contraction  of  the  grain.  Indeed,  malting  is  now 
reduced  to  a science,  and  cannot  fail  to  meet  with  the 
support  of  the  Government,  and  the  most  mtelligent 
of  the  malting  and  brewing  communities.  For  the 
pale  ale  brewer,  this  invention  ought  certainly  to  be 
invaluable,  and  the  Editor  would  strongly  recommend 
the  leading  firms  at  Burton  and  elsewhere  to  introduce 
the  apparatus  into  their  establishments. 

Before  proceeding  further,  it  will  be  advisable  to 
dwell  very  concisely  on  the  composition  of  raw  and 
malted  barley. 

The  analysis  of  barley-meal  has  been  made  by 
Einhopf;  but  the  results  which  he  obtained  are  so 
extremely  discordant  with  those  obtained  by  others, 
that  they  do  not  at  present  seem  to  be  worthy  of  con- 
fidence. 

Proust  affirms  that  barley  contains  a peculiar  proxi- 
mate principle,  which,  from  the  Latin  name  of  the 
graili,  has  been  denominated  Tiordein.  He  describes  it 
as  a yellow,  granular,  woody  powder,  in  appearance 
very  much  resembling  sawdust ; and  says  that  it  dis- 
appears in  great  quantity  during  malting,  being  re- 
solved chiefly  into  starch  and  sugar.  Does  it  not 
disappear  whoUy  ? 

Annexed  is  the  mean  of  ten  analyses  of  barley  per- 
formed by  Hermbstadt  : — 

CeDtesimally  represented. 


Water, 10’48 

Husk, 11-56 

Gluten, 4-92 

Albumen, 0-35 

Starch, GO-50 

Sugar, 4-66 

Gum, 4-51 

OU, 0-35 

Soluble  pliosphates,  el  celera, 0-36 

Loss, 2-31 


100-00 

Proust  states  that  barley-meal  contains — 

Hordein 55-0 

Starch,  32-0 

Sugar 5-0 

92-0 

Dr.  T.  Thomson  gives  no  hordem,  but — 

Starch, 88-0 

Sugar, 4-0 


92-0 

The  analyses  of  Proust  and  Thomson  agree  exactly, 
only  one  takes  the  88 '0  to  be  solely  starch;  while  the 
other  assumes  it  to  be  a peculiar  principle  and  that 
body. 
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The  same  statement  is  applicable  to  the  principal 
constituents  of  malt,  as  given  by  these  chemists,  thus : — 


Proust.  Thomson. 


Starch,  

56-0  .... 

....  69-0 

Hordein, 

— 

68-0 

69-0 

The  sugar  found  in  the  barley  was,  no  doubt,  the 
result  of  the  action  of  some  of  the  reagents  employed  ' 
by  the  above  chemists  on  the  starch. 

Einhoff’s  analysis  gives  sugar  in  the  same  pro- 
portion as  Proust  and  Thomson,  but  represents  the 
quantity  of  starch  as  more  than  double  that  found  by 
the  former. 

Dr.  Thomson  is  of  opinion  that  the  hordein,  instead 
of  being  a proximate  principle,  is  merely  starch  in  a 
peculiar  state,  somewhat  similar  to  the  fibrous  matter  of 
potatoes,  malting  having  the  effect  of  converting  it  into 
starch  and  sugar  by  destroying  a certain  unknown  glu- 
tinous substance,  which  holds  the  particles  firinly  to- 
gether. 

The  presence  of  a singular  substance  in  barley-meal 
I in  so  great  a quantity  as  more  than  fifty  per  cent.,  its 
being  woody  and  insoluble  in  water,  both  cold  and 
boiling,  its  disappearing  during  the  malting,  and  the 
increase  of  gum,  sugar,  and  starch  in  consequence,  are 
properties  not  attiibutable  to  any  component  part  of 
the  grains  wth  which  chemists  have  hitherto  been 
acquainted.  Hence,  hordein  has  been,  and  is  now,  ad- 
mitted by  many  to  be  a peculiar  substance.  According 
to  Gregory,  its  composition  is  Cj^  Hg  Og,  or  Cj^  Hj„  Ojg. 

If  this  analysis  be  correct,  it  is  almost  impossible  to 
view  hordein  as  a principle;  it  seems  rather  to  be 
an  allotropic  modification  of  starch.  It  is  very  probable 
that  this  state  is  owing  to  some  impurity  or  extraneous 
matter,  and  that,  could  this  be  removed,  it  would  be 
foimd  to  consist  of  starch  only.  There  is  no  doubt 
that,  at  some  future  period,  the  number  of  the  prin- 
ciples now  regarded  as  peculiar  will  be  reduced,  and 
many  of  them  proved  to  be  identical  with  each  other, 
only  existing  imder  different  circumstances. 

The  amount  of  inorganic  matter  in  different  speci- 
mens of  barley,  varies  very  considerably.  This  might 
be  anticipated  from  the  fact,  now  generally  admitted, 
that  the  nitrogenized  or  nutritive  principles  of  gi'ain 
or  seeds,  bear  a relation  to  the  phosphoric  acid  present; 
thus,  if  the  quantity  of  the  latter  be  small,  it  follows 
that  the  amount  of  nitrogen  is  proportionally  deficient, 
and  the  nutritive  effect  of  the  grain  will  be  compara- 
tively low  in  the  scale,  because  the  solubility  of  the 
albuminous  matters,  and,  therefore,  their  capability  of 
being  earned  into  plants,  appears  to  depend  on  the 
presence  of  the  phosphates. 

Dr.  E.  D.  Thomson  says — In  the  analyses  which 
have  been  pubhshed  of  this  nature,  the  manipulators 
have  omitted  to  state  whether  the  husks  were  included 
in  the  grain  bmmed  by  them.  In  the  following  results 
the  omission  has  been  filled  up : — 

j Barley  Flour.  Barley  with  Husks. 

R.  D.  Thomson.  B.  D.  Thomson.  Horsford.  Way. 

Inorganic  matter!  4.02  ..  3-20  ..  2-70  ..  2-34  ..  2-48 

per  cent.,  . . . . J 

Horsford’s  is  the  mean  of  ten,  and  Way’s  of  foiu- 
experiments. 


The  following  was  found  to  be  the  composition  of  the 
ash  of  barley  and  malt : — 

Centesimolly  represented. 

R.  D.  Thomson. 


Barley. 

Malt  1 

Potassn, 

. . . 16-00  .... 

14-54  ' 

Soda, 

. . . 8-86  . . . 

6-08  i 

Lime, 

. . . 3-23  .... 

3-89 

Magnesia, 

. . . 4-30  .... 

9-82  i 

Oxide  of  iron, 

. . . 0-83  .... 

1-59  ' 

Phosphoric  acid 

. . . 36-80  .... 

35-34 

Sulphuric  acid 

. . . 0-16  

1 

Chlorine, 

. . . 0-15  .... 

trace. 

Silica, 

28-74  : 

100-00 

100-00 

The  composition  of  a sample  of  barley,  and  of  malt 

made  from  it,  thus  showing  the  alteration  in  the  grain 

by  malting,  is  here  given : 

Barley. 

Malt 

X 

Natural  state. 

At  2rJ«.  Natural  stale.  At  212®. 

Carbon, 41-64  . . 

46-11  . . 42-44 

. . 43-93  1 

Hydrogen,....  6-02  .. 

6-65  . . 6-64 

. . 7-00  ' 

Nitrogen 1-81  . . 

2-01  . . 1-11 

. . 1-29 

Oxygen, 37-66 

41-06  . . 43-08 

. . 46-51  ‘ 

Ash, 3-41  . . 

4-17  . . 1-68 

1-27  i 

Water, 9-46 

— . . 5-05 

100-00 

100-00  100-00 

100-00 

The  mean  of  a number  of  experiments  relative  to 
the  loss  which  barley  sustains  by  malting,  indicated 
nineteen  per  cent.  I 

The  whole  of  the  loss  is  not  solid  matter,  as  barley 
uncrushed  contains  13T  per  cent,  of  water;  and  malt, 
in  the  same  condition,  7‘06  per  cent.  Mr.  E.  E.  Hol- 
den, student  in  the  Editor’s  college,  found  in  ordinary 
cinder-di'ied  malt,  7'68  per  cent. 

There  thus  remam  thirteen  per  cent,  of  solid  loss. 

A mean  of  several  trials  gave  for  the  ash  of  barley 
3‘0;  and  for  that  of  malt,  2'52  per  cent.  Now,  as  one 
hundred  of  the  former  are  equal  to  eighty  of  the  latter, 
the  quantity  of  ash  which  malt  shordd  contain  is  2 "42, 
if  the  loss  of  organic  and  inorganic  matter  was  equable, 
which  it  is  observed  to  be,  almost  approximately,  from 
this  experiment ; for  the  relation  of  the  ash  which  has 
disappeared,  or  0'48  per  cent.,  bears  almost  the  same 
proportion  to  the  organic  matter  removed,  as  the  total 
quantity  of  ash  in  barley  does  to  the  whole  of  the 
organic  matter  in  that  grain.  Thus,  barley  contains 
eighty-four  per  cent,  of  dry  organic  matter  and  three 
per  cent,  of  ash,  while  malt  has  lost  0'48  per  cent, 
of  ash,  and  12‘52  of  organic  matter,  and  by  calcula- 
tion— 

As  3 : 0-48  ::  84  ; 13-4. 

A remarkable  coincidence,  as  if  proving  that  water  is  | 
incapable  of  removing  the  inorganic  portion  of  plants, 
until  the  organic  matter  has  imdergone  such  a change 
as  to  allow  the  ash  to  separate. 

From  the  above,  the  loss  sustained  by  barley  in 
malting  may  be  stated  thus  : — • 


Water, 6 ’00 

Saline  matter, 0"48 

Organic  matter, 12'52 


19-00 

At  the  request  of  the  Editor,  who  was  desirous  of 
ascertaining  the  amount  of  soluble  matter  extracted 
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from  malt  by  mashing,  Mr.  E.  E.  Holden  performed 
an  experiment  on  the  small  scale,  bnt  as  proportional 
with  ordinary  operations  as  possible,  and  found  that,  on 
repeatedly  treating  it  with  water,  at  an  average  tem- 
perature of  150°  Fahr.,  14'5  per  cent,  of  residue,  tech- 
nically termed  brewer's  draff,  was  obtained,  showing  a 
loss  of  85 '5  per  cent.,  water  included,  or  300  pounds 
per  quarter  of  malt. 

The  composition  of  fresh  draff— brewer’s  grains — is 
thus  given  by  Fromberg  : — 

Centesimnlly  represented. 

Water, 75-85 

Gum, 1-06 

Other  organic  matter,  chiefly  husk, 21-28 

Organic  matter,  containing  nitrogen- 1 „„„ 

protein-compounds, j ' ' ‘ 

Inorganic  matter, 1-19 

100-00 

From  Mr.  Holden’s  experiment  and  Fromberg’s 
analysis  of  the  draff,  it  would  appear  that,  when  the 
1 mash  is  properly  managed,  the  whole  of  ihe  available 
or  useful  matters  in  the  malt  are  dissolved  out  by  the 
brewer. 

I The  ash  left,  on  burning  the  draff,  consists  of — 

j Centesimally  represented. 

1 Chlorides  and  sulphates, 7-60 

1 Phosphates  of  potassa  and  soda 211 

! Phosphates  of  lime  and  magnesia, 48-00 

1 Silica, 41-51 

! Loss, 0-78 

100-00 

Water. — Good  water  in  a brewery  is  a great  desi- 
deratum, and  the  reader’s  attention  is  now  directed  to 
this  subject. 

Perhaps  nothing  in  nature  is  more  variable  in  charac- 
ter than  this  apparently  simple  fluid,  which  is  not  the 
aqua  pura  which  it  seems,  and  which  many  believe  it 
to  be,  but  a heterogeneous  mixture  of  alkaline  and 
metallic  salts,  acids,  gases,  and  occasionally  even  ani- 
mal and  vegetal  matter,  some  being  held  in  chemical 
union,  and  othei-s  in  mechanical  suspension.  Pm-e 
water,  or  oxide  of  hydrogen,  is  attainable  only  by  art. 

Some  brewers  prefer  soft  and  others  hard  water, 
whilst  a few  are  quite  indifferent  on  this  point. 

Were  the  density  of  the  worts,  and  the  value  of  cold 
water,  for  refrigeration  and  other  purposes,  properly 
considered,  there  would  be  httle  hesitation  in  their 
choice ; and  it  is  of  importance  to  arrive  at  a correct 
conclusion  on  this  point;  for,  though  a brewer  already 
established  can  seldom  choose  a different  spring  or 
stream,  the  case  is  much  altered  when  the  site  of  a 
new  brewhouse  is  to  be  selected. 

Water  free  from  saline  matter,  or  that  holds  it  in 
very  small  quantity,  is  unfit  for  the  brewery.  The 
softest  is  in  the  state  of  snow,  which,  according  to 
Bergman,  is  destitute  of  all  gaseous  bodies,  so  that  fish 
cannot  five  in  it. 

The  Editor  does  not  deem  it  necessary  to  give  a long 
dissertation  upon  this  liquid,  as  nearly  every  one  at  all 
acquainted  with  brewing  knows,  that  water  which  con- 
tains a large  quantity  of  gypsum — sulphate  of  lime — 

; earthy  carbonates,  and  no  organic  matter,  is  best  adapted 
' for  his  purpose. 

[ Many,  no  doubt,  wonder  why  hard  water  answers  so 

much  better  in  the  preparation  of  malt  than  soft.  A 
few  reasons,  to  accoimt  for  this,  may  not  be  unaccept- 
able to  the  reader. 

Dr.  Hassall  says: — During  ebullition,  the  excess 
of  carbonic  acid  in  the  water,  by  which  the  carbonates 
of  lime  and  magnesia  are  retained  in  solution,  is  ex- 
pelled, and  those  salts  are  precipitated.  Again,  the 
allialine  phosphates  present  in  malt  have  the  power  of 
converting  siflphate  of  hme  into  phosphate,  which  is 
thrown  down ; an  alkaline  sulphate,  which  is  soluble, 
being  synchronously  formed.  The  greater  part  of  the 
phosphate  of  lime  produced  is  redissolved  in  the  acid 
generated  during  the  fermentation;  consequently  the 
water,  from  being  hard,  thus  becomes  comparatively 
soft,  and  in  this  state  is  well  suited  for  extractuig  the 
active  properties  of  the  malt  and  hops. — Hassall. 

This  is  entirely  speculative,  and  is  not  based  on 
experiment;  nevertheless,  the  theory  is  ingenious. 

Another  advantage  in  the  use  of  hard  water  presents 
itself,  which  is,  that  more  saccharine  matter  can  be  left 
in  the  beer,  by  which  the  fiflness  and  flavor  will  be 
increased,  and  the  liability  to  become  acid  prevented. 

Water  loaded  with  organic  matter,  like  that  of  the 
Thames,  is  a decided  loss  to  the  brewer,  as  the  vegetal 
and  animal  remains  are  decomposed  during  brewing, 
and  carry  with  them  some  portion  of  the  strength  of 
the  wort,  besides  rendering  it  and  the  beer  liable  to 
spoil. 

Messrs.  Allsopp  and  Sons,  Messrs.  Bass  and  Co., 
Messrs.  Salt  and  Co.,  and  other  eminent  Burton 
brewers,  have  long  been  celebrated  for  the  quahty  of 
their  beer,  and  many  conjectures  have  been  made  to 
account  for  the  excellence  and  superiority  of  the  article 
brewed  in  that  locality.  The  success  depends  in  a 
very  great  measure  upon  the  quahty  of  the  water  used; 
the  consequences  of  which,  in  brewing,  have  been 
scientifically  elaborated.  It  is  a very  hard  water,  re- 
markable for  its  quantity  of  earthy  sulphates  and  car- 
bonates ; and,  d priori,  it  would  be  considered  but  ill 
adapted  for  the  purposes  of  the  brewer.  This  is  not 
the  case,  however,  as  long  experience  has  shown. 

The  following  analysis  by  Dr.  Bottinger,  brewer 
to  Messrs.  Allsopp  and  Sons,  expresses  the  composi- 
tion of  the  water  used  in  that  celebrated  establishment, 
and  conveys  at  once  an  idea  of  the  general  properties 
of  this  important  menstruum : — 

Amount  of  ingredients 
in  the  imper.  gallon. 
Represented  in  grains.  i 

Chloride  of  sodium, 10-12 

Sulphate  of  potassa, 7-65 

Sulphate  of  lime, 18-96 

Sulphate  of  magnesia, 9-95 

Carbonate  of  lime, 15-51 

Carbonate  of  magnesia, . 1-70 

Carbonate  of  iron, 0-60 

Silicic  acid, 0-79 

65-28 

Some  years  ago,  Mr.  Cooper  of  London  analyzed 
some  water  taken  from  a well  at  the  brewery  of  Messrs. 
Bass  and  Co.,  in  which  he  found — 

Carbonate  of  lime, 9-93 

Sulphate  of  lime, 54-40 

Chloride  of  calcium, 13-28 

Sulphate  of  magnesia, 0-83 

78-44 
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All  the  water  used  at  Burton  for  brewing  is  spring 
water,  and  not  that  of  the  river  Trent,  as  has  been 
erroneously  supposed. 

On  boiling,  it  deposits  a large  amount  of  carbonates 
of  lime  and  magnesia,  besides  a small  quantity  of  sul- 
phate of  bme;  a Httle  iron,  which  it  contains,  becomes 
also  eliminated. 

The  geological  formation  from  which  this  water  ap- 
pears to  emanate,  is  New  Red  Sandstone ; in  the  im- 
mediate vicinity  of  Burton  there  are  large  strata  of  new 
red  marl,  with  a considerable  amount  of  gypsum. 

The  water  employed  at  the  brewery  of  Messrs.  Tet- 
ley and  Son,  Leeds,  bears  some  analogy  to  the  pre- 
ceding, as  win  he  seen  on  referring  to  the  annexed 
analysis  by  the  Editor : — 

Per  gallon. 


Carbonate  of  lime, 1 „raius. 

Carbonate  of  magnesia, } 

Carbonate  of  the  protoxide  of  iron,.. . . 0-93  “ 

Sulphate  of  lime, 4'97  “ 

Sulphate  of  soda, 13'09  “ 

Sulphate  of  magnesia, 9-73  “ 

Chloride  of  sodium, 7-11  “ 

Chloride  of  magnesium, 4'74  “ 

Loss, 1-72  “ 


62-07 

The  three  waters  contain  a varying  amount  of  car- 
bonic acid  in  the  uncombined  state,  keeping  the  car- 
bonates in  solution. 

From  the  above  the  Editor  would  suggest,  that  when 
brewers  in  certain  districts  are  compelled  to  use  soft 
water,  or  that  which  nms  off  moors  or  fens,  for  want 
of  better,  they  should  impregnate  them  at  second  hand 
with  gypsum,  or  with  such  limestones  as  are  easily 
procurable.  This  plan  has  been  found  most  service- 
able, and  the  ale  obtained  from  such  artificial  water 
has  nearly  equalled  the  renowned  product  of  Burton. 

Hops. — The  wort,  as  prepared  from  malt,  is  un- 
palatable and  viscous ; and  to  bring  it  into  a potable 
state,  and  insure  the  permanence  of  its  virtues,  it  has 
been  found  necessary  to  make  some  addition  to  it  pre- 
vious to  fermentation.  This  effect  is  best  produced  by 
means  of  hops,  the  properties  of  which,  and  the  charac- 
teristics by  which  they  may  be  selected,  will  now  be 
concisely  pointed  out. 

Hops  are  the  strobiles  or  catkins  of  humulus  lupulus, 
a dioecious  plant  belonging  to  the  natural  order  Urti- 
cacese,  the  culture  of  which  was  first  introduced  into 
England  from  Flanders  in  the  reign  of  Henry  VIII. 

The  various  parts  of  the  hop  are,  scales,  nuts,  and 
lupulinic  grains  or  glands.  The  scales  are  the  en- 
larged and  persistent  bracts  enclosing  the  nuts,  which 
are  small,  hard,  nearly  globular,  and  covered  with  aro- 
matic superficial  glands,  commonly  termed  yellow 
powder  or  lupulin.  These  form  the  most  important 
part  of  the  strobiles. 

Dry  hops  ought  to  yield  about  one-sixth  of  these 
grains.  They  are  usually  mingled  with  sand. 

Pereira  says  they  are  rounded,  of  a cellular  texture, 
golden-yellow  colored,  somewhat  transparent,  and  are 
sessile,  or  nearly  so. 

The  common  centre  around  which  the  celts  are 
arranged  has  been  denominated  the  hilum.  They  lose 
their  spherical  form  by  exsiccation,  and,  when  placed 
in  water,  give  out  an  immense  number  of  minute 


globules.  Under  different  circumstances  they  become 
ruptured,  allowing  an  inner  envelope  to  escape.  Tur- 
pin states  that  they  consist  of  two  vesicles,  one  evis- 
cerating the  other,  the  interior  containing  globules, 
aromatic  oil,  and  a gas,  and  affirms  that,  in  the 
bubbles  of  disengaged  gas,  a large  number  of  crystals 
are  formed. 

The  scales  and  lupulinic  grains  have  been  analyzed 
by  Payen,  Chevallier,  and  Pelletan,  with  the 
following  results : — 

LUPULINIC  GRAINS. 

Cenlcsimallf  represented. 


Volatile  oil, 2-00 

Bitter  principle — lupulin, 10-30 

Eesin, 55-00 

Lignin, 32-00 


Fatty,  astringent,  and  gummy  matters,  os-'| 
mazom,  malic  and  carbonic  acids,  salts, 
as  malate  of  lime,  acetate  of  ammonia,  > traces, 
chloride  of  potassium,  sulphate  of  potassa, 

et  cetera, J 

Loss, -70 

100-00 

The  scales  were  found  to  consist  of  astrmgent 
matter,  inert  coloring  matter,  chlorophyl,  gum,  hgnin, 
and  salts  of  potassa,  lime,  and  ammonia,  containing 
acetic,  hydrochloric,  sulphuric,  nitric,  and  other  acids. 

The  scales  usually  have  lupulinic  matter  adhering, 
from  which  it  is  almost  impossible  to  free  them. 

Dr.  Ives  also  examined  the  lupulinic  grains,  and 
obtained — 

CentesimoUy  represented* 


Tannin, 4-16 

Extractive, 8-33 

Bitter  principle, 9-16 

Wax, 10-00 

Resin, 30-00 

Lignin, 38-33 

Loss, -02 


100-00 

The  volatile  oil  exists  in  the  lupulinic  grains,  and  is 
proctned  by  distilling  them  or  the  hops  with  water.  It 
has  a yellowish  color,  an  acrid  taste,  and  its  odor  is 
similar  to  that  of  the  strobiles.  It  is  partially  soluble 
in  water,  but  more  so  in  alcohol  and  ether.  It  has  a 
specific  gravity  of  0'910,  becomes  resinified  by  keeping, 
and  is  said  to  have  a narcotic  influence  on  the  system. 
The  water  which  distils  over  with  the  oil  contains 
acetate  of  ammonia. 

Dr.  Rudolph  Wagner  has  lately  published  an  in- 
teresting paper  upon  the  oil  of  hops,  and  as  his  results 
are  different  from  aU  hitherto  obtained,  a notice  of  them 
may  be  serviceable  to  the  brewer.  Dr.  Wagner  dis- 
tilled the  oil  from  fresh  hops  with  water.  It  constituted 
about  eight  per  cent,  of  the  air-dried  flowers.  It  pos- 
sessed a clear  brownish-yeUow  color,  and  had  a strong 
odor  of  hops,  and  a slightly  bitter  taste  analogous  to 
thyme.  Its  specific  gravity  was  0-908  at  61°  Fahr. 
It  scarcely  reddened  litmus  paper,  and  was  very  spar- 
ingly soluble  in  water,  requiring  more  than  six  hunted 
times  its  weight  for  solution.  It  contained  no  sulphur. 
The  oil,  rendered  anhydrous  by  distillation  over  fused 
chloride  of  calcium,  partly  evaporates  at  a temperature 
below  the  boiling  point  of  water.  It  begins  to  boil  at 
257°,  rising  to  347°,  where  it  remains  stationary  for  some 
time,  and  at  which  temperature  nearly  one-sixth  of  the 
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clear  oil  distils  over.  The  portion  passing  over  betvfeen 
347°  and  437°,  and  constituting  one-half  of  the  oil,  was 
also  very  clear,  and  had  the  odor  of  the  crude  oil. 
That  which  passed  over  between  437°  and  455°  was  of 
a yellow  color.  The  residue  in  the  retort,  about  one- 
sixth  of  the  quantity  submitted  to  distUlation,  was 
brownish,  and  like  turpentine.  It  is,  therefore,  evident 
that  oil  of  hops  is  a mixture  of  oils.  The  crude  oil 
does  not  give,  with  ammonia-silver,  a metallic  mirror. 
It  is  therefore  not  an  aldehyde.  When  mixed  with 
alcohol-potassa,  it  becomes  brown,  and  when  distilled 
affords  alcohol,  and  an  oil  having  the  odor  of  rose- 
mary. 

After  the  greatest  part  of  the  oil  and  spuit  has  distilled 
over,  a violent  action  takes  place,  hydrogen  is  evolved, 
and  carbonate  of  potassa,  mixed  with  a potassa  salt 
of  a volatile  fatty  acid,  remains : the  latter,  when  de  - 
composed with  diluted  sulphuric  acid,  evolves  an  odor 
indicating  the  presence  of  caprylic  and  pelargonic  acids. 

From  Payen  and  Chevallier’s  analyses  and  report, 
the  oil  was  supposed  to  resemble  oils  of  mustard,  asa- 
fcetida,  et  cetera,  and  to  belong  to  the  ethereal  oils  con- 
taining sulphur;  that  it  dissolved  largely  in  water,  and 
on  this  account  preserved  the  beer,  and  that  it  acted 
partly  as  the  narcotic  in  beer  and  hops. 

According  to  Wagner  the  oil  is  isomeric  with 
Borneo  camphor,  ohs  of  cajeput  and  bergamot,  and 
with  the  aldehyde  of  camphohc  acid.  This  chemist,  in 
conjunction  with  Dr.  Bibra,  made  experiments  upon 
animals,  to  ascertain  whether  the  oil  of  hops  acted  as  a 
narcotic ; they  found  it  had  no  such  action. 

The  bitter  principle  of  hops,  or  lupidin,  may  be 
obtained  by  treating  the  aqueous  extract  of  lupulinic 
grains,  combined  with  a little  hme,  with  alcohol.  The 
solution  thus  formed  is  to  be  evaporated,  the  mass 
treated  with  water,  and  the  solution  again  boiled  to 
dryness.  The  residue,  on  washing  with  ether,  is  lupu- 
lin.  It  is  uncrystaUizable,  white,  very  bitter,  soluble 
in  twenty  parts  of  water,  very  soluble  in  alcohol,  and 
in  ether  slightly  so.  The  aqueous  solution  froths  on 
agitation,  and,  according  to  Pereira,  gives  no  preci- 
pitate with  tincture  of  gaUs  or  acetate  of  lead.  Lupu- 
lin  contains  no  nitrogen.  It  is  devoid  of  the  narco  cic 
properties  of  the  oil,  and  is  said  to  have  caused  loss  of 
appetite,  and  diminished  digestive  power,  when  ad- 
ministered in  small  doses. 

The  tannin  serves,  in  brewing,  to  precipitate  the 
nitrogenized  or  albuminous  matter  of  the  barley,  and, 
therefore,  assists  clarification. 

The  resin  has  a golden-yellow  color,  becomes  crange- 
yellow  on  exposure  to  the  air,  dissolves  both  in  alcohol 
and  ether,  and  is  apparently  the  oil  changed  by  oxi- 
dation. 

A decoction  of  hops  feebly  reddens  litmus,  owing  to 
free  acid  being  present ; sulphuric  and  tannic  acids,  and 
also  hme,  may  be  detected  in  it  even  by  those  who 
have  little  experience  in  analysis. 

Dr.  Ives  first  applied  the  term  lupulin  to  the  pollen, 
or,  as  it  is  technically  denominated,  the  condition  of  the 
hop ; the  name  has  been  applied  since,  however,  to  the 
bitter  extract  of  the  scales. 

The  Editor  found  that  hops,  in  the  usual  marketable 
state,  lose  between  eleven  and  twelve  per  cent  when 


dried  at  212°  Fahr.,  and  leave,  on  burning,  from  five 
to  eight  per  cent,  of  ash. 

Mr.  Holden  obtained,  on  incinerating  a good  sample 
of  hops,  7'708  per  cent,  of  inorganic  residue. 

The  drying  of  the  hop  constitutes  a very  important 
part  of  its  management ; it  is  performed  in  khns,  gene- 
rally of  very  unscientific  construction,  and  apparently 
capable  of  great  improvement. 

In  Sussex,  these  are  termed  oast-houses.  The  heat 
imparted  by  the  fire  in  drying  is  of  great  importance, 
and  should  in  no  instance  exceed  119°  or  120°  Fahr. 

The  farina  or  pollen  which  falls  through  the  hair- 
cloth, or  wire,  in  the  course  of  desiccation,  is  a valu- 
able article,  and  is  denominated  hop-dust.  If  care  is 
taken  that  no  particles  of  fire  fall  into  the  kiln-pit,  and 
the  hop-dust  be  frequently  removed  therefrom,  so  as 
to  insure  its  freedom  from  extraneous  matter,  it  is 
scarcely  less  useful  to  the  brewer  tlian  hops  themselves. 
One  pound  of  the  dust  is  equal  to  four  times  the  quan- 
tity of  the  strobiles.  In  dark-colored  or  common  beer, 
a small  amount  might  always  be  used  without  injury. 

According  to  Brande,  in  order  to  give  the  hops  a 
good  color,  they  are  subjected  to  fumigation  with  sul- 
phurous acid ; after  this  process  they  are  packed  into 
sacks  or  pockets,  and  subjected  to  great  pressure,  so  as 
to  prevent  access  of  air,  and  their  consequent  deteriora- 
tion. 

Qualities. — The  medicinal  properties  of  hops  are 
numerous.  The  odorous  emanations  arising  from  them 
possess  marked  narcotic  properties.  Hence  a pfilow  of 
the  cones  has  often  been  prescribed  to  promote  sleep, 
in  cases  where  the  administration  of  opium  could  not 
be  effected,  or  would  have  been  objectionable.  Both 
infusion  and  tinctoe  of  hops  are-  mUd  and  agreeable 
aromatic  tonics.  They  sometimes  manifest  diuretic, 
or,  when  the  skin  is  kept  warm,  sudorific  quahties. 
Their  sedative,  soporific,  and  anodyne  properties  are 
very  uncertain. 

The  lupulinic  gi-ains  are  aromatic  and  tonic,  and 
appear  to  be  soothing,  tranquillizing,  and  slightly  seda- 
tive and  soporific.  Hops  have  been  given  internally  to 
relieve  restlessness  consequent  upon  exhaustion  or 
fatigue,  to  induce  sleep  in  the  wakefulness  of  mania 
and  other  maladies,  to  calm  nervous  irritation,  and  to 
relieve  pain  in  gout  and  rheumatism.  They  have  also 
been  applied,  topically,  in  the  form  of  a fomentation  or 
poultice,  as  a resolvent  or  discutient  in  painful  swelhngs 
or  tumors.— Perefra. 

The  Editor  does  not  attach  much  importance  to  the 
assertion  that  hops  are  narcotic,  and  that  their  influ- 
ence upon  the  system  is  wonderful,  especially  when 
they  are  used  in  pfilows,  as  he  considers  that  the  imagi- 
nation plays  a most  important  part  in  all  such  matters, 
— vide  spirit-rapping,  table-turning,  et  cetera. 

The  properties  of  hops  in  brewing  are  important,  but 
may  be  given  in  few  words. 

A11  the  medical  qualities  are  to  some  degree  exerted 
by  the  liquors  in  which  they  have  been  employed. 
They  render  the  beer  more  stimulant  and  cordial,  and 
the  bitter  principle  overcomes  the  disagreeable  sweet- 
ness arising  from  the  malt,  and  which,  if  unneutralized, 
might  be  offensive,  if  not  injurious,  to  persons  having 
weak  digestive  organs. 
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'i'lie  stimulating  and  strengthening  qualities  found  in 
bitter  beer,  may  be  said  to  be  owing  almost  entirely  to 
the  hops. 

They  are  slightly  anti-fermentive,  and  hut  for  the 
use  of  them  in  brewng,  the  ale  produced  would  soon 
undergo  the  acetous  fermentation,  or,  in  popular  lan- 
guage, become  sour. 

Selection. — The  flavor  of  the  Golding  or  Famham 
hops  is  rich  and  delicate,  but  the  plant  is  one  of  the 
most  tender  cultivated,  and  the  crop  is  uncertain. 
They  are  the  heaviest,  consequentlj''  possessing  the 
greatest  amount  of  farina  or  condition,  and  the  flower 
is  the  most  diminutive. 

The  Flemish  plant  produces  a large  flower,  often 
tlu'ee  inches  in  length,  and  is  considered  as  one  of  the 
most  hardy  kinds.  It  is  productive,  but  of  light  weight, 
and  is  iU  flavored. 

In  the  districts  of  Kent  and  Sussex,  the  Canterbury 
grape,  a very  good  and  useful  hop  in  the  trade,  is  much 
cultivated. 

Other  varieties  are  produced  in  various  parts  of  the 
country,  especially  in  a district  called  North  Clay,  in 
Nottinghamshire.  These  hops  are  strong,  and  fit  only 
for  porter  brewing,  even  when  mellowed  by  age.  An 
extract  from  Tizard  as  to  the  various  estimates  of  the 
value  of  each  variety  may  not  be  unacceptable. 

I Farnliams,  he  states,  are  in  high  repute,  though  not 
I worth  the  price  the  brewer  usually  gives  for  them,  unless 
the  proximity  of  his  residence  be  a consideration  in 
their  favor.  The  North  Clays  are  rankest  in  taste,  and 
fetch  a better  price  with  a certain  class  of  buyers  than 
I those  from  Kent,  though  not  generally  so  high  as  the 
Farnham  variety.  Those  grown  in  the  neighborhood  of 
Canterbury  have  been  much  prized  for  their  superiority, 
but  that  is  not  invariable.  The  produce  of  the  coimty 
of  Kent,  though  pre-eminent  both  for  strength  and 
flavor,  differs  according  to  soil  and  season,  wliich  are 
not  always  adapted  to  each  other.  The  Wealds  are 
celebrated  in  some  of  the  Southern  and  Midland  coun- 
ties, but  in  those  more  north,  as  Cheshire  and  Lanca- 
shire, the  Worcesters  are  preferred  for  their  mildness, 
and  for  the  grateful  sensation  they  yield ; some  use  a 
few  Sussex  or  Kents  with  them,  but  most  brewers  in 
the  counties  just  referred  to,  reject  the  growth  of  Kent 
as  unpleasing  to  their  customers. 

But,  however  good  the  produce  of  any  district  may 
be  in  general,  it  must  not  be  supposed  that  there  are  no 
bad  samples  of  those  varieties. 

Such  bags  should  be  chosen  as  are  heaviest,  because 
it  is  the  farina  which  gives  weight,  and  hops  which 
lose  a part  of  it  from  fine  weather  or  over-ripeness, 
in  picking  or  turning  on  the  oast,  will  considerably 
diminish  in  gravity. 

They  should  feel  clammy  when  handled,  should  be 
uniform  in  color,  without  greenish  particles  in  the 
flower,  and  full  of  hard  seeds,  and  farina  or  condition. 

Mould  may  be  discovered  in  the  sample  by  the  strig 
of  the  flower  being  partly  bare  of  leaf.  Particular  atten- 
tion must  also  be  paid  to  crust,  proceeding  from  damp 
or  bad  keeping,  as  it  injures  the  quality  more  than  age. 

From  the  uncertainty  of  the  seasons,  the  hop  is  an 
article  liable  to  considerable  fluctuations  in  its  com- 
mercial value.  The  duty  upon  hops  is  twopence  per 


pound,  with  five  per  cent,  additional ; this  levy  does 
not  extend  to  Ireland.  Latterly,  foreign  hops  have 
been  used  to  a considerable  extent  by  many  brewers, 
even  in  the  manufacture  of  the  finest  ales ; they  do  not, 
however,  possess  that  richness  of  flavor  so  characteristic 
of  the  English  growth,  and  hence  they  are  never  used 
alone,  but  mixed  with  English  hops  in  different  propor- 
tions, varying  from  a third  to  a sixth  of  the  latter. 
This  mixture  is  found  to  answer  in  a manner  as  well 
as  if  the  entire  were  of  home  growth,  especially  where 
bitterness  is  required  to  a considerable  extent,  and  only 
a moderate  portion  of  the  flavor. 

The  foreign  hops  imported  into  Great  Britain  in 
1852  were  34,622  pounds,  whilst  in  1853  the  quantity 
amounted  to  4,739,307  pounds. 

The  following  table  shows  the  number  of  pounds 
weight  of  hops  which  paid  duty  in  England  during  the 
years  1848  to  1853,  inclusive,  the  amount  of  duty 
levied  thereon,  and  the  number  of  acres  of  land  under 
crop,  during  each  of  these  years : — 


Year. 

Acres. 

Pounds  of  hops. 

Amount  of  duty. 

1848  .. 

. . 49,232 

44,343,984 

. . . £388,007 

3 

8 

1849  .. 

..  42,798 

. . . . 16,650,914 

. . . 145,693 

4 

9 

1850  .. 

..  43,125 

....  48,537,669 

...  424,702 

3 

0 

1851  .. 

..  43,242 

. . . . 27,042,919 

. . . 236,623 

1 

10 

1852  .. 

. . 46,157 

. . . . 51,102,494 

. . . 447,144 

8 

If 

1853  .. 

..  49,367 

. ...  31,751,693 

. . . 277,824 

16 

9 

BREWING. — After  the  foregoing  details,  the  main 
subject  to  which  they  refer  will  now  be  entered  upon, 
namely,  brewing,  and  to  make  the  matter  as  clear  and 
intelligible  to  the  reader  as  possible,  the  treatise  will 
be  divided  into  several  heads,  corresponding  with  the 
various  sections  of  the  work,  as  actually  performed  m 
the  manufactory.  These  are  grinding  and  mashing; 
boiling,  hopping,  and  cooling ; fermenting,  cleansing, 
fining,  and  storing;  in  addition  to  which,  the  particular 
methods  for  making  other  kinds  of  malt  beverages, 
besides  the  ales  most  generally  consumed,  wfll  be 
pointed  out  and  discussed. 

It  may  be  mentioned  at  the  outset,  that  grinding, 
mashing,  and  fermentmg  have  been  referred  to  at  some 
length  under  Alcohol  and  the  manufacture  of  whisky,  at 
page  58,  et  seq.,  and  therefore  a full  explanation  of  these 
operations  will  in  some  degree  be  unnecessary  ; but  as 
they  are  performed  in  a manner  somewhat  dissimilar 
in  this  case,  in  conformity  with  a particular  purpose, 
it  will  be  requisite  to  notice  them  as  far  as  they  affect 
the  preparation  of  beer. 

Grinding. — Little,  however,  need  be  said  on  grmd- 
ing,  in  addition  to  what  has  been  already  advanced ; 
but  were  any  one  thing  to  be  particularized  more  than 
another,  it  would  be  the  necessity  of  having  the  natural 
cohesiveness  of  the  gi-ain  destroyed  in  such  a way,  that 
the  water  may  have  free  access  to  every  particle  of  it,  to 
insure  the  entire  extraction  of  the  valuable  constituents. 
Of  the  various  methods  resorted  to,  whether  by  reducing 
the  grain  between  stones  in  the  ordmary  way,  or  by 
steel  mills,  wherein  it  is  cut  or  torn  in  the  same  man- 
ner as  coffee  is  ground,  or  by  crushing  between  rollers, 
that  mode  is  preferable  which  disintegrates  the  grain 
completely,  and  loosens  the  husk  from  the  fleshy  parts 
without  separating  the  two.  A moment’s  consideration 
will  show  that  these  conditions  are  not  fulfilled  by 
either  of  the  first  two  methods ; and  it  is  only  from  the 
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use  of  rollers  that  the  malt  can  be  expected  to  make 
the  nearest  approach  to  the  criterion  mentioned.  A 
secondary  but  important  advantage  is  gained,  by  having 
the  grain  completely  broken  up  though  still  adher- 
ing together;  namely,  the  facility  with  which  the  mash 
is  racked  off,  leaving  only  Httle  of  the  extract  in  the 
gi'ains.  When  it  is  ground  fine,  the  matter,  besides 
being  apt  to  set  and  form  a mucilaginous  magma,  retains 
much  of  the  liquor,  which  cannot  be  removed  except  by 
long  washing,  thus  rendering  the  worts  ddute,  and  ex- 
posing them  to  the  danger  of  acetification  in  the  suc- 
ceeding treatment.  Wlien  the  particles  of  the  grains 
still  adliere,  though  their  natural  texture  is  broken,  each 
shell  forms,  as  it  were,  a filter,  through  which  the  clear 
liquor  percolates  readily,  leaving  any  matter,  which 
might  be  taken  up  mechanically,  behind.  If  the  grain 
be  tom  or  sliced,  as  by  the  metal  mills,  in  which  the 
available  matter  remains  to  some  extent  adhering  to 
the  husk  in  its  natural  state,  considerable  loss  will  be 
sustained,  for  the  water  will  not  penetrate  these  parts 
during  the  period  usually  allowed  for  mashing.  That 
this  is  the  case,  is  evident  from  the  well-known  fact, 
that  dried  malt  will  float  on  water  for  a period  of 
twenty-four  hours,  without  absorbing  as  much  of  the 
menstruum  as  would  increase  its  gravity  sufficiently  to 
cause  it  to  sink. 

The  annexed  cuts— Figs.  156,  157 — represent,  in 
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front  and  lateral  section,  the  cylinder  malt  mill,  i is 
a sloping  trough,  through  which  the  malt  passes  from 
its  bin  or  floor  to  the  hopper.  A,  whence  it  is  shaken 
between  the  iron  rollers,  b,  d,  working  at  their  ex- 
tremities in  bearers  or  sockets  of  hard  brass,  fitted 
securely  into  the  side  frames,  which  are  also  of  iron. 
E is  a screw  passing  through  the  upright,  and  serv- 
ing to  force  tlie  bearer  of  one  roller  towards  that  of 
the  other,  so  as  to  bring  them  nearer  together  when 
the  malt  is  wanted  in  a finer  state  of  division.  G is 
the  square  end  of  the  axis,  by  which  one  of  the 
rollers  is  turned.  The  other  rotates  by  means  of  a 
pair  of  equal-toothed  wheels,  h,  fitted  to  the  opposite 
extremities  of  the  axes  of  the  cylinders.  <7  is  a catch 
working  into  the  teeth  of  a ratchet  wheel,  not  shotvn 
in  the  engraving,  on  the  end  of  the  rollers.  The  lever, 
c,  comes  in  contact  with  the  trough,  b,  at  the  bot- 
tom of  the  hopper,  giving  it  a shaking  motion,  which 
discharges  the  malt  upon  the  rollers  from  the  side 
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sluice,  a.  ee  are  scraper-plates,  the  edges  of  which, 
pressing  on  the  rollers,  remove  adhering  matter,  and 
thus  keep  them  clean. 

When  rollers  are  used  they  should  be  of  equal  size, 
and  move  with  the  same  degree  of  velocity,  otherwise 
the  proper  and  looked-for  quality  will  not  be  foimd  in 
the  crushed  malt.  Another  important  feature  is,  that 
the  grain  ought  to  be  screened  or  passed  through  a 
wire  sieve  before  it  falls  between  the  crushers,  for  the 
purpose  of  removing  any  pebbles,  lest  they  should  come 
against  the  rollers  and  injure  them.  As  great  incon- 
venience and  loss  may  be  suffered  from  imperfect 
grinding,  the  chief  care  of  the  brewer  ought  to  be 
directed  to  the  erection  of  such  machinery  in  every 
department  as  will  efficiently  answer  all  his  require- 
ments. After  the  grinding,  the  malt  is  usually  con- 
ducted by  an  endless  chain  of  buckets  to  a proper 
receptacle  placed  over  the  mash-tub,  where  it  remains 
till  required. 

Mashing. — To  the  brewer  this  is  a subject  of  vital 
importance,  and,  as  stated  under  Alcohol,  opinions 
regarding  its  proper  management  are  as  various  and  as 
fickle  among  a great  number  as  are  the  colors  of  the 
chameleon.  These  individuals  generally  pride  them- 
selves with  the  thought  of  having  ascertained,  or  indus- 
triously gathered  facts,  bearing  upon  the  regulation  of 
the  time,  temperature,  or  proportion  of  the  materials  in 
the  mash,  which  give  them  an  advantage  over  their 
neighbor,  and  they  cling  with  an  absurd  tenacity  to 
the  idea,  and  conduct  all  their  operations  accordingly, 
notwithstanding  that  the  inutility  of  their  mode  may  at 
once  be  demonstrated  by  a few  moments’  enlightened 
j consideration.  By  knowing  the  leading  properties  of 
the  materials,  and  their  behavior  with  other  bodies  at 
various  degrees  of  temperature,  and  the  hke,  nothing 
more  is  required  to  attain  perfection  in  the  mashing, 
than  to  apportion  these  in  a judicious  and  reasonable 
manner.  An  almost  universal  foible,  if  such  it  might 
be  called,  which  influences  the  manufacturer  is  the  idea, 
that  if  his  methods  of  working  were  known  to  his  breth- 
ren of  the  same  trade,  it  would  contribute  very  much 
to  his  ruin;  although  it  will  be  found,  upon  examina- 
tion, that  very  little  difference  exists  between  his  parti- 
I ciflar  working  and  that  pursued  by  hosts  of  others.  It 
generally  happens  that  valuable  discoveries  result  from 
disinterested  research,  or  are  hit  upon  by  many  at  the 
same  period,  and  then  become  in  some  measure  gene- 
ralized ; but  as  to  a manufacturer  keeping  any  process 
of  real  worth  clandestine,  in  order  to  appropriate  the 
fruits  of  his  study  and  genius,  supposing  it  really  pos- 
sesses any  worth,  it  almost  invariably  occurs,  in  the 
event  of  his  doing  so,  that  disappointment  awaits  him. 
Experiments  are  readily  performed  now-a-days,  and 
the  mind  is  peculiarly  active  in  drawing  deductions 
from  known  facts,  which  contribute  to  simplify  the 
complexity  of  many  operations;  and  hence  it  follows, 
that  the  various  improvements  which  have  taken  place 
in  every  branch  of  art,  not  grounded  on  or  corrobo- 
rated by  these  ordeals,  are  seldom  worthy  of  notice. 

Wherever  there  is  a real  progression  or  discovery, 
the  peculiar  provision  of  the  laws  is  such  that  it  can 
be  communicated  to  the  world,  or  at  least  as  far  as 
the  dominion  of  Britain  extends,  with  greater  benefit 
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than  disadvantage  to  the  propounder,  whilst,  at  the 
same  time,  the  public  derives  a portion  of  the  good 
arising  from  it,  and  is  enlightened  at  comparatively 
trifling  expense.  Knowledge  is  disseminated  in  this 
way  in  a hundredfold  degree,  and  at  a fraction  of  the 
cost  which  would  attend  it  if  privacy  and  concealment 
were  studied  at  every  step;  and  the  good  which  has 
arisen  to  society  in  consequence  is  incalculable,  for 
instances  are  not  wanting  to  show  that  many  persons 
who  never  thought  of  becoming  serviceable  in  the  way 
of  advancing  art  and  science,  upon  seeing  common- 
place and  well-known,  facts  brought  to  accomplish 
great  results,  have  arisen  from  a lethargic  inactivity  to 
strike  out,  as  it  were,  by  new-born  talents  hitherto 
latent,  great  and  valuable  discoveries. 

Almost  innumerable  instances  are  recorded  which 
corroborate  the  truth  of  what  is  here  asserted,  and  the 
principle  is  so  well  understood  in  a pm'ely  scientific 
light,  that  the  numerous  books  daily  printed  are  fraught 
with  original  matter  of  one  kind  or  other,  which,  sup- 
posing that  it  does  not  always  extend  to  the  elucidation 
of  the  topics  in  aU  their  ramifications,  yet  what  has 
been  communicated  opens  the  way  for  succeeding 
research,  that  arrives  at  the  discovery  of  the  object 
originally  sought,  or,  by  a happy  digression,  to  that  of 
other  more  valuable  and  interesting  ends.  Bacon 
well  conceived  the  value  of  being  unreserved  in  all 
scientific  and  philosophical  matters,  as  appears  from 
the  course  he  suggests ; namely,  that  men  should  not 
be  vain  in  publishing  their  knowledge,  whether  orally 
or  by  writing,  neither  should  they  be  cunning  in 
secreting  what  they  have  acquired,  but  be  generous 
and  free  in  communicating  the  facts,  making  them  as 
comprehensive  and  as  simple  as  possible.  Were  not 
this  the  directing  principle,  the  nineteenth  century 
would  be  far  from  possessing  that  enlightenment  and 
thirst  for  progress  manifested  by  all  classes  and  grades 
of  society,  but  more  especially  in  the  cycle  of  arts  and 
manufactures.  Looking,  therefore,  at  the  general 
course  of  things,  it  is  evident  that  those  who  seek  for 
knowledge  with  a serious  and  diligent  spirit  will  not  be 
unrewarded ; the  fanciful  recipds  of  a class  of  ignorant 
men  will  no  longer  be  coveted;  and,  in  particularly 
applying  the  facts  to  the  art  of  brewing,  every  person 
possessing  a discriminating  sense,  a moderate  practice 
in  the  execution  of  the  mechanical  part  of  his  business, 
and  a chemical  manual,  wherein  he  may  learn  the  fun- 
damental properties  and  changes  which  his  materials 
possess  and  undergo,  may  cast  all  the  supposed  charms 
which  are,  or  may  be  reputed,  the  ifitimatum  of  perfec- 
tion, to  tire  wind. 

It  is  to  be  understood,  however,  that  considerable 
difficulty  stands  in  the  way  of  the  brewer  in  the  large 
quantity  of  the  substances  upon  which  he  works;  and 
the  dread  of  failure,  in  the  course  which  might  be  sug- 
gested as  an  improvement,  forces  him  to  follow  the  old 
routine  of  business ; nevertheless,  if  he  be  fully  con- 
versant with  the  nature  and  behavior  of  the  soluble 
constituents  of  his  malt,  reason  will  place  a wholesome 
restraint  upon  him  from  running  to  extremes  which 
would  be  fatal,  and  will  direct  him  in  the  intermediate 
course,  wherein  the  success  and  security  from  loss 
are  to  be  found.  A knowledge  of  the  materials  will 
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again  be  productive  of  the  happiest  results,  when  the 
ever-varying  state  of  the  atmosphere  is  most  unpro- 
pitious ; for  by  it  he  will  be  able  to  make  such  modifi- 
cations as  will  eSectually  counteract  acetification,  his 
direst  enemy,  which  invades  him  with  the  first  rays  of 
the  summer’s  sun,  and  hovers  over  the  building,  waiting 
to  gain  an  entrance  at  every  opening  which  want  of 
attention  in  the  mashing,  cooling,  or  fermentmg  of  the 
worts,  or  any  uncleanlhiess  in  the  utensils,  in  the  shape 
of  albuminous  or  mucilaginous  matter  undergoing  the 
acid  phase  of  fermentation,  might  afford.  Many 
instances  could  be  cited,  were  it  deemed  necessary,  of 
the  complete  loss  of  the  whole  of  the  goods  at  difierent 
stages  of  the  work — some  in  the  mashing,  when,  instead 
of  a clear  concentrated  extract,  a small  quantity  of  a 
mawkish  amylaceous  liquid  had  been  obtained,  which 
readily  entered  mto  the  acetous  fermentation,  and,  in- 
stead of  yielding  an  agi-eeable,  grateful,  and  wholesome 
beer,  nothing  was  found  but  vinegar;  meanwliile  the 
remainder  of  the  valuable  materials  of  the  malt  lay 
enveloped,  or  locked  up,  by  the  impenetrable  folds  of 
mucilaginous  matter,  caused  by  the  apphcation  of  a 
high  temperature  m the  mash  water.  Often  the  infec- 
tion of  acidity  is  caught  up  during  the  cooling ; some- 
times the  fermentation  completely  fails. 

In  speaking  of  the  mashing,  and  pointmg  out  the 
manner  in  which  it  is,  or  ought  to  be,  conducted  by 
the  brewer,  it  is  necessary  that  the  reader  should  recur 
to  what  has  been  said  of  this  operation,  and  the  ra- 
tionale that  was  given,  explanatory  of  the  changes  that 
take  place  in  the  transformation  of  the  starch  into 
sugar,  under  Alcohol,  at  page  Gl,  for  the  same  remarks 
apply  to  the  process  as  conducted  in  the  brewer’s  tun. 

There  is  no  doubt  that  some  improvements  are  yet  to 
be  effected  in  the  extraction  of  malt,  notwithstanding 
that  many  very  specious  advancements  have  been 
made  in  this  direction,  which,  in  a greater  or  less 
degree,  have  been  found  serviceable  in  increasing  the 
quantity  of  matter  in  the  wort,  or  protecting  the  goods 
from  the  destructive  action  of  acidity. 

Before  stating  the  particular  operations  of  mashing, 
it  may  be  well  to  make  a few  allusions  to  the  quantity 
of  extractive  matter  usually  obtained  from  malt,  and 
the  problem  of  its  thorough  exhaustion,  a point  which 
is  the  grand  aim  of  mashing.  From  the  analyses  given 
of  malt,  as  well  as  those  of  barley,  it  will  be  seen  that 
the  available  constituents  of  the  former  amount  to  78'3 
per  cent,  when  dried  by  the  ordinary  means ; and  as  a 
quarter  of  good  malt  generally  weighs  three  hundred  and 
fifty- two  pounds,  it  follows  that  275'5  pounds  of  these 
are  available  valuable  matter,  the  remainder  being 
water  and  husk.  It  is  to  be  borne  in  mind  that  all  this 
quantity  is  not  saccharine  matter,  but  that  there  exists 
in  it  a variable  proportion  of  albumen  and  gluten ; these, 
however,  are  abstracted  to  a great  extent  in  the  mash- 
ing, and  are  afterwards  removed,  as  \vill  be  seen  further 
on.  Now,  the  best  practical  results  average  about 
ninety  to  ninety-five  pounds,  as  shown  by  the  ban'el 
gravity  saccharometers,  per  quarter ; but,  as  every  unit 
of  this  number  equals  2’6,  or,  according  to  Dking  and 
Fage,  and  Casartelli,  2'7  pounds  of  real  extract,  it 
is  evident  that  the  total  of  the  valuable  ingredients  is 
234  to  249  pounds;  for  90  X 2'6  = 234;  and  95  X 2-6 

2 I 


250 


BEER Mashing. 


= 249 ; but,  if  the  calculation  be  made  according  to 
the  latter  authorities,  the  produce  will  be  243  and  256'5 
pounds. 

It  is,  however,  easy  for  the  brewer  to  ascertain  when 
he  is  successful  in  his  exhaustions,  and  also  what  ought 
to  remain  after  fermentation  to  give  body  to  his  pro- 
duct. It  wO  be  well,  also,  to  be  able  to  find  the 
amoimt  of  extract  in  a wort  from  the  gravity  of  the 
liquor,  as  indicated  by  the  saccharometer,  vdthout  the 
necessity  of  recurring  to  the  tables,  or  sliding  rules 
accompanying  them;  for  it  frequently  happens  that 
errors  creep  into  such  calculations,  and  the  results  they 
point  to  are  sometimes  greater,  sometimes  less,  than  the 
real  amount  contained  in  the  worts : to  do  this,  all  that 
is  required  is  to  multiply  the  indication  by  2 '6,  or 
2’618 — 2'7,  according  to  Casartelli — and  the  pro- 
duct wiU  be  the  real  weight  of  extract  in  each  barrel 
of  the  wort. 

By  this  means  the  total  extract  per  quarter  in  the 
first  mash  may  be  found,  and,  by  deducting  it  from 
275’5,  the  remainder  is  what  is  left  in  the  grains  to 
be  extracted  in  the  next  mash;  knowing  this,  the 
liquor  employed  may  be  regulated  accordingly,  so  as  to 
obtain  a dense  wort,  and  thereby  avoid  the  danger  of 
acetification,  to  which  dilute  worts  expose  the  products. 
In  addition  to  these  advantages,  the  director  has  the 
great  satisfaction  of  performmg  his  work  methodically, 
and  as  one  who  is  master  of  his  business. 

As  to  the  nature  of  the  change  that  takes  place  m 
the  mash-tun,  and  the  circumstances  which  induce  it, 
enough  has  been  said  upon  this  point  under  Acetic  acid 
and  Alcohol  to  throw  light  upon  the  metamorphosis  of 
the  starch,  and  other  bodies  of  an  analogous  composi- 
tion, mto  sugar,  as  will  be  found,  it  is  expected,  suffi- 
ciently expheit  to  satisfy  the  desire  of  every  brewer; 
but  as  acetic  acid  and  alcohol  are  of  a different  nature 
from  the  article  now  considered,  so  the  modification  of 
those  principles,  although  their  idtimate  effects  are  the 
same  in  the  three  instances,  requires  in  this  case  special 
discussion. 

It  is  the  object  of  the  vinegar-maker  to  obtain  a wort 
of  such  strength,  or  containing  as  much  saccharine 
matter,  as  will  give  a product  affording,  after  the  fer- 
mentation and  oxidation  of  the  alcohol,  about  five  per 
cent,  of  acetic  acid, — of  the  distfiler  to  extract  the  valu- 
able principles  entirely,  and  produce  a menstruum  which 
subsequently  will  completely  ferment,  leaving  as  httle 
of  the  saccharum  as  possible  latent  in  the  liquor;  but 
the  brewer’s  course  is  different  from  these,  inasmuch  as 
he  wishes  a dense  extract,  not  to  acetify,  nor,  at  the 
same  time,  to  be  wholly  converted  into  alcohol,  but  to 
preserve  it  from  the  former,  and  restrict  the  latter  to 
such  a degree  as  wiU  merely  cause  the  formation  of 
sufficient  spirit  to  communicate  a pleasant  hilarity  to 
those  partaldng  of  it,  reserving  the  greater  portion  of 
the  goods  for  communicating  to  it  richness,  imctuous- 
ness,  and  flavor;  and  if  he  leaves  these  particulars,  or 
any  one  of  them,  unattended  to,  his  beverage  will  very 
quickly  be  distasteful  to  his  customers. 

From  these  differences  in  the  operations  of  the  three 
classes  of  manufacturers,  whose  art  borders  upon  the 
same  principle — that  of  the  exhaustion  of  the  malt  and 
the  conversion  of  the  extractive  matters  into  sugar — 
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it  will  be  plain  to  every  one,  that  there  must  be  a 
marked  difference  between  the  course  followed  by 
each ; the  peculiarities  of  the  brewer’s  methods  will 
therefore  engage  attention  for  the  present. 

The  first  important  point  with  the  brewer  is  the 
complete  abstraction  of  the  saccharine  and  amylaceous 
substances  in  his  malt;  and  next  to  this,  but  not  less 
important,  is,  that  he  is  to  effect  it  with  the  smallest 
possible  quantity  of  liquor,  it  being  understood  that  he 
must  be  rigorously  careful  to  prevent  any  acidification. 
Six  or  seven  barrels  of  water  per  quarter  of  malt  are 
generally  sufficient  for  the  exhaustion;  of  which  two 
and  a quarter  to  three  and  a quarter  barrels  are  lost 
in  the  after  operations  of  boiling  and.  fermenting  before 
the  products  are  of  good  quality.  The  maimer  of 
applying  the  hquid  seems  to  have  an  important  bearing 
upon  the  result,  as  is  evident  from  the  very  great  pro- 
portion which  is  proved  to  be  useless,  by  being  expelled 
afterwards  in  different  stages  of  the  manufacture. 

Now,  the  question  naturally  suggests  itself — Why  is 
this  liquor  employed  in  the  mashing  in  the  first  ui- 
stance?  and  then.  Can  the  great  waste  be  obviated, 
and  the  expense  incurred  by  the  brewer  in  supplying 
fuel  and  other  necessaries  in  order  to  concentrate  his 
worts,  be  saved? 

The  Editor  thinks  that  much  requires  to  be  attended 
to  in  this  particular;  and  it  appears  so  practicable, 
that  it  is  siuprising  it  should  have  been  overlooked  by 
those  brewers  and  chemists  who  have  treated  the  sub- 
ject, while  they  contmue  to  instruct  in  the  old  method. 
It  is  plain  that  the  diastase  and  gluten  of  the  malt  are 
capable  of  transforming  a much  larger  quantity  cl 
starch  into  sugar  than  what  is  present,  and  it  is  no  less 
obvious  that  the  water  employed  is  sufficient  to  hold  in 
solution  a far  greater  proportion  of  the  sacchaiine  sub- 
stance than  it  can  possibly  meet  with  in  any  brewing 
operation;  it  therefore  follows  tliat  the  methods  adopted 
are  defective,  inasmuch  as  an  unnecessarily  large  quan- 
tity of  fluid  is  used  to  attain  the  results,  which,  accord- 
ing to  the  known  properties  of  the  constituents,  might 
be  accomplished  with  less.  Some  steps  have  already 
been  taken  in  this  direction  by  Mr.  Tizard,  in  intro- 
ducing an  improved  mode  of  mashing  by  means  of  his 
attemperator,  and  also  in  his  treatment  of  the  hops; 
nevertheless,  it  seems  that  a great  deal  has  yet  to  be 
accomphshed  before  the  brewer  can  arrive  at  that  per- 
fection in  his  art  which  is  so  very  desirable.  It  is 
well  known  that  the  diastase  of  the  malt  is  most 
active  when  the  liquid  is  rather  dilute,  and  the  tem- 
perature is  between  160°  and  170°  Fahr. ; but  as  the 
latter  might  be  injurious  at  the  outset  m a brewing 
operation,  the  former,  and  even  165°,  could  be  supplied 
with  safety.  Hence  it  is  apparent,  that  by  sustaining 
an  equalized  temperature,  and  with  the  use  of  a mo- 
derately large  quantity  of  water,  the  conversion  of  the 
starch  into  glucose  will  be  complete,  and  that  it  can 
be  almost  entirely  extracted  in  the  first  solution,  leav- 
ing nothing  in  the  first  mash  for  the  subsequent  sparg- 
ing, but  to  wash  out  that  portion  imbibed  by  the 
grains.  By  accomplishing  this  with  four  to  five  bar- 
rels, instead  of  six  to  seven,  the  brewer  would  derive 
material  advantage,  as  the  lengths  which  arc  at  present 
employed,  and  subsequently  expelled  by  evaporation, 
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et  cetera — a process  that  entails  a loss  of  time  and 
money — would  to  a great  extent  he  unnecessary.  An- 
other inducement  to  the  adoption  of  means  for  obtain- 
ing dense  worts,  is  one  which  brewers  must  necessarily 
value,  namely,  the  production  of  sound  beer;  for  it  is 
impossible  to  brew  a good  beverage  from  an  inferior 
wort;  and,  when  the  latter  is  weak,  the  tendency  to 
acetilication  is  far  greater  than  if  a heavy  extract  were 
operated  upon. 

Considerations  like  these  ought  to  be  sufficient  for 
those  whose  practice  it  is  to  vary,  in  almost  every  case, 
the  manner  of  mashing,  now  applying  a low  tempera- 
ture, then  a high  one,  but  always  using  repeated  mash- 
ings,  which  entail  the  trouble  of  continued  boiling 
afterwards,  and  ultimately  impair  the  quality  of  their 
goods. 

The  chief  point  is  to  apply  as  much  water,  and 
maintain  such  an  initial  temperature,  as  will,  on  suffi- 
cient time  being  allowed,  completely  disintegrate  the 
grains  at  one  mashing,  and  leave  nothing  for  the  sub- 
sequent abstractions  but  what  remains  of  the  first  in 
their  pores.  This  is  the  highest  perfection  in  mashing, 
and  whatever  may  he  adduced  by  bookmakers  and 
particular  persons,  upon  modifications  of  working,  and 
the  application  of  high  or  low  degrees  of  temperature, 
it  would  he  well  if  tlie  intelligent  brewer  would  study 
how  far  such  instructions  are  likely  to  operate  in  favor 
of  the  criterion  here  laid  down  before  he  embraces 
them. 

Having  spoken  of  the  principles  of  mashing  as  fully 
as  the  subject  requires,  the  usual  routine  of  the  pro- 
cess will  now  he  entered  upon. 

The  first  great  point  to  be  attained  in  a brewery  is, 
scrupulous  cleanliness,  particularly  in  tire  various  ves- 
sels, lest  any  albuminous  or  amylaceous  substances 
should  be  left  adhering  to  them,  and  which,  by  enter- 
ing into  a putrescent  fermentation,  would  communicate 
the  same  to  the  worts,  and  prove  highly  detrimental. 
It  is  hoped  that  the  importance  of  this  requirement  is 
^0  well  understood,  that  it  will  he  unnecessary  to  dwell 
further  upon  it ; still,  its  being  overlooked  would  ruin 
an  establishment,  even  if  every  other  particidar  were 
carefully  attended  to,  and  managed  with  consummate 
skill  and  ability.  The  only  means  of  securing  this 
point  are  to  wash  the  various  hacks,  boilers,  coolers, 
and  other  utensils,  occasionally  with  lime-water,  made 
by  macerating  a bushel  of  quicklime  in  about  twenty 
barrels  of  water — otherwise  to  have  all  the  utensils 
made  of  metal ; it  would  be  desirable,  also,  to  retain 
any  backs,  or  other  vessels  which  may  not  be  con- 
stantly in  use,  full  of  water,  till  such  time  as  they  are 
needed.  The  manager  should  be  likewise  careful  to 
keep  the  mash-tim  perfectly  clean;  for  if  any  grains 
should  remain  in  it  after  a previous  brewing,  their 
albuminous  contents  might  suffer  decomposition,  and 
give  rise  to,  or  induce,  an  acid  fennentation,  which,  if 
absorbed,  would  prove  destructive  in  the  succeeding 
brewing.  Too  much  precaution  cannot  he  used  in 
guarrling  against  these  causes  of  mischief,  which,  though 
apparently  trifling  in  themselves,  operate  so  as  to  render 
the  brewer  liable  to  a heavy  loss,  by  giving  rise  to 
those  ruinous  decompositions  to  which  allusion  has 
been  made. 
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Unless  the  brewer  mashes  every  day,  it  would  be 
well  that  he  should  make  aU  the  preliminaries  required 
for  the  proper  execution  of  his  task  on  the  day  of 
brewing;  the  coppers  should  be  charged  with  liquor, 
and  fuel  sufficient  to  sustain  the  fire  for  heating  the 
materials  should  be  provided;  where  the  mashing  is 
performed  dally,  these  requirements  are  secured  as  a 
matter  of  course. 

The  work,  on  the  day  of  brewing,  should  be  vigor- 
ously proceeded  with  as  early  as  possible,  and  espe- 
cially in  hot  weather,  which  demands  on  the  part  of 
the  operator  greater  vigilance  and  care  to  secure  his 
success. 

It  is  customary  to  have  a journal,  wherein  the  tem- 
perature of  the  atmosphere,  the  quantity  of  malt,  the 
heats  of  the  dilferent  mashings,  as  well  as  of  the  tap, 
and  other  particulars,  are  recorded;  and  this,  besides 
being  always  necessary,  to  show  the  business  habits  of 
the  foreman,  very  often  leads  to  some  improvements, 
when  several  operations  are  afterwards  studiously  con- 
sidered and  their  results  compared. 

The  malt,  of  whatever  description  it  may  be,  should 
be  groimd,  if  possible,  the  day  previous  to  mashing,  or, 
at  most,  it  should  not  be  retained  longer  than  three  or 
four  days  crushed  before  it  is  submitted  to  the  mash- 
tim;  for,  if  kept  a long  time,  it  wiU  attract  moisture 
from  the  atmosphere,  become  heated,  through  the 
effects  of  an  internal  decomposition  of  the  saccharme 
substance,  and  render  the  beverage  of  a bad  quality. 

The  ground  malt  is  usually  conducted,  in  well- 
regulated  breweries,  by  an  Archimedean  screw  to  the 
hoppers  over  the  tun  in  the  mashing-room,  which 
serve  as  magazines  for  it,  and  whence  it  is  let  into  the 
latter,  when  fit,  and  macerated  with  water.  There  are 
two  modes  of  accomphshing  this  mixture — one  by 
manual  labor,  and  the  other  by  machinery;  but  the 
latter  is  preferable  on  all  occasions,  as  it  is  much  more 
effectual  in  breaking  up  the  masses  of  malt  which  are 
apt  to  form  in  the  water.  Indeed,  very  often  serious 
injuries  arise  from  the  hailing  of  the  malt,  when  the 
masliing  has  been  carelessly  performed  with  oars,  or 
too  large  a quantity  of  water  has  been  run  upon  it  at 
first;  for,  besides  being  wasted,  by  enveloping  a certain 
volume  of  air,  and  being  but  partially  wetted,  and  sur- 
rounded by  an  elevated  temperature,  the  agglomerated 
portions  very  quickly  generate  acetic  acid,  if  not  timely 
prevented,  by  being  broken  up  with  proper  machinery, 

The  mash-tun  and  its  appendages,  which  are  always 
subjects  of  importance  in  the  brewery,  will  here  he 
described.  The  illustration  presented  is  copied  from 
the  large  tun  in  use  at  Messrs.  Allsopp  and  Sons,  of 
Burton-on-Trent,  and  by  Dr.  Bottinger  kindly  su]>- 
plied  to  the  Editor. 

Fig.  158  represents  this  tun  fitted  up  with  very 
ingenious  and  effective  machinery  for  mixing  the  malt 
and  water  tlioroughly.  The  hoppef,  to  which  reference 
has  been  ah-eady  made,  is  not  seen  in  the  drawing,  but 
it  is  placed  on  strong  wooden  bearers  immediately 
above  the  mash-tun,  and  is  connected  by  fom-  shoots, 
a,  to  the  so-caUed  feeder,  b,  which  is  elongated  into  a 
narrow  trunk,  c.  The  tub  itself  has  the  enormous 
dimensions  of  twenty-one  feet  diameter,  and  is  six  feet 
deep;  it  is  mounted  with  a toothed  rail,  d,  into  which 
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the  cogs  of  a small  wheel,  f,  at  the  end  of  the  stirring 
or  mashing  apparatus,  g,  fit;  this  mashing  machine 
consists  of  a strong  iron  shaft,  to  which  a number  of 
wooden  rakes  is  attached;  it  has  a double  motion,  one 
upon  its  axis,  and  the  other  round  the  tun, 
both  being  communicated  by  the  central 
shaft,  I.  At  the  bottom,  the  tub  is  fitted  with 
several  pipes,  projecting  about  one  inch  above 
the  surface,  and  communicating  with  a large 


one  below;  they  serve  to  conduct  the  liquor  to  the 
under-back  or  receiving  vessel.  Above  this  bottom  is 
the  filtering  or  straining  apparatus,  consisting  of  a false 
bottom  of  wood,  perforated  -with  a large  number  of 
Fii.  158.  minute  holes,  countersunk  in  the  lower  side, 

as  represented  in  Fig.  159,  which  shows  the 
' t!  : (f  c middle  piece  of  this  bottom,  and  from  which 
the  construction  of  the  whole  will  be  readily 
inferred,  as  it  consists  of  separate  pieces,  all 


closely  fitting  together,  and  supported  by  bearers,  which 
raise  the  false  about  two  inches  above  the  true  bottom. 

On  mashing,  the  water,  at  a high  temperature,  is 
first  let  into  the  tub,  and  when  the  latter  and  its 
adjuncts  have  attained  a moderate  degree  of  heat,  by 
abstracting  caloric  from  the  liquid,  which  reduces  it  to 
the  proper  mashing  point,  the  malt  is  added  from  the 
hopper  through  the  feeder;  motion  is  then  communi- 
cated to  the  machine,  and  the  contents  kept  in  brisk 
agitation  till  the  mixing  is  completed.  When  this  is 
done,  the  tub  is  carefully  covered  down,  to  preserve 
the  heat  of  the  mash,  and  exclude  the  air  from  the 
wort  as  much  as  possible  ^ After  about  two  hours’  rest 
in  this  state,  it  is  drawn  off  to  the  copper;  an  operation 
which  must  he  performed  with  great  care,  to  insure  the 
liquor  being  perfectly  bright,  and  free  from  any  solid 
particles  of  malt.  At  this  stage  the  sweet  liquor  is  apt  to 
enter  upon  the  vinous  fennentation,  and  thence  to  pass 


to  the  acetic,  to  prevent  which  the  temperature  is  raised 
to  ebullition,  and  the  hops  added;  meantime  the  partly 
exhausted  malt,  after  the  whole  of  the  liquor  has  been 
drawn,  is  to  be  subjected  to  a second  operation.  For 
this  purpose  the  tub  is  uncovered,  and  a fresh  quantity 
of  water,  the  amount  of  which  is  regulated  according 
to  the  density  of  the  first  worts,  or  the  quantity  of  the 
matter  yet  rmextracted,  but  which  will  be  afterwards 
referred  to,  is  turned  on  at  the  proper  heat,  and  mashed 
by  the  machine,  as  in  the  foregoing  instance ; the  tub 
is  then  covered,  and  the  whole  allowed  to  digest  for 
one  hour,  or  less,  according  to  circumstances,  and  then 
drawn  off  as  before.  By  proper  attention,  the  whole 
of  the  requisite  constituents  of  the  malt  should  be 
taken  up  by  these  two  mashings;  sometimes,  when 
the  mash  is  very  stiS',  a third  sparge  is  let  in  upon 
the  grist  to  exhaust  it,  but  the  product  is  used  only  for 
tMfi,  beer. 
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Having,  in  this  short  sketch  of  the  mash-tun  and  its 
operations,  given  an  outline  of  the  whole  course  of 
mashing,  a few  remarks  in  explanation  of  the  process 
will  now  be  added.  It  will  be  seen  that — as  is  the 
custom  with  a gaeat  many — the  water  is  let  into  the 
tun  at  a higher  degree  of  heat  than  is  required  by 
the  mash,  allowing  it  to  cool  down  to  the  proper  tem- 
perature before  the  introduction  of  the  malt.  Others, 
again,  admit  the  malt  and  heated  water  simultaneously, 
while  the  machine,  being  put  in  motion,  mixes  them 
thoroughly.  In  the  latter  instance,  it  is  plain  that  the 
heat  of  the  liquor  must  be  much  higher  than  the  initial 
heat  at  which  the  constituents  of  the  malt  should  be 
extracted,  namely  160°,  or  bordering  upon  it;  for  the 

caloric  of  the 
water  is  com- 
municated to 
the  mash-tun, 
as  likewise  to 
the  goods,  and 
from  these 
causes  a de- 
crease of  20° 
or  30°,  or  more, 
is  observed, 
according  to 
the  state  of  the 
weather ; and 
it  is  equally 
obvious  that 
the  mixing  of 
the  malt  and  a 
hquor  of  180° 
or  190°,  is  im- 
advisable;  for 
although,  in 
the  event  of  mixing  them,  a mean  temperature  of  158° 
or  160°  may  result,  yet  the  starch,  albuminous,  and 
glutinous  part,  cannot  but  be  rendered  insoluble  in  those 
portions  with  which  the  solution  comes  in  contact  at 
the  commencement. 

On  the  contrary,  if  the  water  be  poured  in  at  170°, 
or  under  the  mean,  after  fifteen  or  twenty  minutes  it 
will  be  far  below  that  at  which  the  diastase  and  gluten 
are  most  active  in  converting  the  starch  into  glucose. 
The  conclusions  from  these  observations  evidently 
favor  the  heating  of  the  mash-tun  with  the  water,  and 
when  it  has  been  reduced  to  165°,  or  between  this  and 
170°,  to  admit  the  malt  from  the  hopper,  and  mash 
rapidly.  In  this  case  the  malt  is  the  only  body  which 
is  to  abstract  the  heat,  and  the  slight  elevation  of  the 
temperature  supplied  for  meeting  this  decrease  does 
not  react  so  injuriously  upon  the  goods  as  in  the  first 
case. 

Others,  again,  turn  on  as  much  water  at  a low  degree 
of  heat  as  will  moisten  the  malt  completely,  and  cause 
it  to  swell,  after  which,  the  remaining  quantity  of  water 
required  to  make  up  the  wort  is  let  on  at  190°  to  194°, 
and  mashed  in  the  usual  way.  This  method  is  said  to 
be  advantageous — first,  by  lessening  the  tendency  to 
set,  and  secondly,  by  giving  the  diastase  greater  scope 
for  acting  upon  the  starch,  as  the  per  centage  of  sugar 
is  dissolved  out  in  the  first  wetting,  and  the  residual 


poidion  is  more  permeable  to  the  solution,  which, 
having  about  165°  as  its  mean,  is  very  effective  in  ex- 
hausting the  goods. 

It  should  be  remembered,  however,  that  diastase  is 
very  soluble,  and  that  it  is  wholly,  or  to  a great  extent, 
removed  with  the  sugar,  leaving  only  the  gluten  in 
proximity  with  the  starch  to  effect  its  solution.  During 
the  subsequent  part  of  the  operation,  when  the  water  of 
a higher  temperature  is  poured  on,  many  authorities  of 
long  experience  affirm  that  the  particles  of  this  active 
principle  are  placed  at  such  a distance  from  the  starch, 
that  the  diastase  cannot  exert  the  same  inlluence  as  if 
it  and  the  starch  were  exhausted  at  the  same  time. 
The  quantity  of  water  which  is  usually  taken,  varies 
from  one  and  a half  to  two  and  a half  barrels  per 
quarter  of  grist  for  the  first  mash,  according  to  the 
system  of  working  followed  by  particular  persons ; but 
if  the  mean  temperature  could  be  sustained  throughout 
the  mashing,  it  is  quite  evident  that  one  barrel,  six 
firkins,  which  weighs  about  630  pounds,  would  be 
even  more  than  sufficient  to  exhaust  the  quarter  of 
malt  of  its  soluble  ingredients,  consisting  principally 
of  glucose  or  saccharine  matter,  which  requires  only 
1'33  parts  of  water  in  the  cold  for  its  solution,  but 
much  less  will  suffice  when  the  temperature  is  raised 
as  in  mashing. 

From  aU  these  peculiarities,  it  seems  that  the  general 
defect  of  mashing  lies  either  in  not  extracting  the  whole 
of  the  goods,  in  consequence  of  the  gluten  and  portions 
of  the  starch  of  the  grain  forming  a gelatinous  mass 
which  envelopes  the  starch  and  sugar,  and  does  not 
allow  the  water  to  flow  off  in  consequence  of  too 
elevated  a temperature;  or  the  starch  may  indeed 
be  carried  off  in  suspension,  but  owing  to  the  low 
temperature  it  is  not  converted  into  glucose,  and  in  the 
subsequent  operations  this  kind  of  wort  is  prone  to 
acidify  and  spoil,  particularly  if  the  time  of  mashing  and 
tapping  be  long.  It  is  evident  that  the  maintenance  of 
a due  degree  of  heat,  and  the  employment  of  the  proper 
amount  of  liquid  so  as  to  have  a dense  wort,  are  the 
two  chief  points  which  must  arrest  the  brewer’s  atten- 
tion ; and  if  he  could  surmount  all  the  difficulties  arising 
from  long  custom,  babcd  upon  imperfectly  understood 
principles,  and  make  the  attempt  to  add  science  to  his 
working  practice,  it  is  evident  that  a considerable  part, 
if  not  all  the  loss  which  is  at  present  so  generally  sus- 
tained by  brewers,  might  be  converted  into  profit.  The 
usual  method  of  mashing,  by  letting  the  water  into  the 
tun  at  an  elevated  temperature,  and  then  the  malt,  or 
both  simultaneously,  so  that  by  their  admixture  a 
medium  temperature  may  be  attained,  does  not  answer 
all  the  requirements  which  are  wanted,  since  the  appli- 
cation and  distribution  of  the  heat  is  at  the  first  glance 
partial  and  unequal ; besides,  it  readily  passes  off  by 
radiation  and  conduction,  leaidng  the  mash  at  such  a 
temperature  as  cannot  exert  the  desirable  influence 
upon  the  conversion  of  starch  into  sugar.  The  only 
contrivance  worthy  of  notice,  which  has  been  introduced 
for  the  purpose  of  obviating  this  disadvantage,  is  that 
patented  by  Mr.  Tizard  of  London,  and  known  as 
the  mashing  attemperator.  This  apparatus  serves  the 
double  purpose  of  masher  and  attemperator  at  the 
same  time,  and  there  is  no  doubt  that  it  is  productive  of 
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the  good  eiFects  which  it  professes  to  accomplish,  since 
it  can  be  so  managed  to  preserve  the  heat  at  any  tem- 
perature which  may  be  deemed  most  suitable,  and  for 
an  indefinite  time,  should  it  be  required.  The  heating 
medium  is  completely  under  the  control  of  the  operator, 
and  therefore  he  can  urge  or  restrain  it  within  certain 
limits,  even  to  a nicety. 

The  influence  of  the  attemperator,  in  communicating 
a temperature  of  160°  to  165°  Fahr.  to  the  goods  dur- 
ing the  mashing,  is  highly  beneficial,  inasmuch  as  the 
whole  of  the  starch  is  saccharified,  and  most  probably 
a portion  of  the  mucilage  which  is  formed  during  the 
malting.  Hence  its  great  advantage  at  once  appears 
palpable;  and,  consequently,  deserving  of  the  brewer’s 
attention.  In  the  absence  of  the  attemperator,  the  best 
course  for  the  ordinary  brewer  is  to  use  only  as  much 
liquor  as  will  moisten  the  malt,  and  then  apply  the 
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remainder  so  as  to  maintain  the  heat  of  the  mash  at 
160°  or  165°  during  the  mashing. 

The  time  usually  devoted  to  this  operation  has  been 
mentioned,  at  page  252,  as  being  two  hours  after  the 
water  has  been  thoroughly  incorporated  with  the  malt, 
which  generally  happens  in  about  twenty  minutes, 
when  the  quantity  of  malt  is  small ; when  a large  bulk 
of  goods  is  operated  upon,  the  mashing  takes  from  a half 
to  one  hour,  but  this  is  not  the  case  with  a great  many 
brewers.  The  following  table  relating  to  the  tempera- 
ture and  time  of  the  standing  of  the  mash,  et  cetera, 
is  taken  from  Levesque,  and  throws  considerable  light 
on  this  point.  It  should  be  remarked,  however,  that 
the  heat  of  the  mash-water  varies  according  to  the 
malt  employed,  that  for  pale  malt  being  the  lowest, 
whilst  for  high-colored  it  may  be  poured  on  at  a much 
more  elevated  temperature. 
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Heat  of  the  tap  from 
14:i®  to  144®. 

Heat  of  the  tap  from 
141®  to  148®. 

In  the  first  column  mider  each  class  of  this  table,  the 
temperature  of  the  atmosphere  at  the  time  of  mashing 
is  noted ; the  next  columns  are  the  degrees  at  which 
the  water  should  stand  to  bring  the  mash  to  the  points 
at  the  head  of  the  columns,  and  the  figures  at  the  foot 
specify  the  temperature  at  which  the  tap  stands. 

Mashing  in  this  way  often  causes  much  variation  in 
the  results,  owing  to  the  dryness  or  particular  quality  of 
the  malt,  and  the  state  of  the  atmosphere.  When  very 
dry  malt  is  used,  on  mixing  it  with  water  of  a certain  heat, 
the  resulting  temperature  is  not  an  arithmetical  mean  of 
the  two,  but  is  somewhat  higher,  owing  to  an  elevation  of 
a few  degrees,  caused  by  the  conversion  of-  starch  into 
sugar,  and  its  solution  in  water;  for  invariably  chemical 
decompositions  and  combinations  give  rise  to  heat, 
and  this  fact  should  be  kept  in  mind  when  adding  the 
water  for  the  mash,  and  its  temperature  regulated  ac- 
cordingly. As  an  example  of  the  first,  the  action  of 
sulphuric  acid  on  alcohol  might  be  cited,  and  of  the 
second  instance,  the  effect  produced  when  this  acid  is 
added  to  water;  in  both  cases,  considerable  elevation 
of  heat  is  indicated.  Were  there  no  development  of 
heat,  the  temperature  would  be  under  the  mean  of  the 
substances,  in  consequence  of  the  amount  of  caloric 
which  the  malt  takes  up,  without  giving  the  same 
indication  by  the  thermometer  as  water  under  a like 


influence;  it  happens,  however,  that,  when  mixed, 
there  is  a rise  which,  when  working  upon  a small  scale, 
is  not  very  material,  but  if  a large  body  of  goods  be 
operated  upon,  so  as  to  retain  the  heat,  this  elevation 
is  considerable ; and  if  not  carefully  observed,  or  the 
original  points  proportioned  thereto,  it  may  be  the 
cause  of  setting  the  goods,  and  of  much  loss  and 
injury. 

When  barley  is  mixed  with  twice  its  volume  of  water, 
the  heat  arising  from  this  mixture  will  be  about  the 
mean  temperature ; but  if  pale  malt  be  similarly  treated, 
the  result  will  exceed  the  mean;  and  if  highly  dried 
brown  malt  be  taken,  the  thennometer  will  mdicate  a 
rise  of  40°  over  the  mean : this  elevation  always  takes 
place  in  the  first  mash,  during  which  the  conversion  of 
the  starch  proceeds  with  the  greatest  activity.  Such 
results  do  not,  however,  alwaj^s  attend  the  mixing  of 
the  water  and  malt,  as,  when  the  latter  has  stood  some 
time  after  grinding,  it  absorbs  water  from  the  atmo- 
sphere and  becomes  mellowed,  in  which  case  the  de- 
velopment of  the  heat  is  not  so  great  as  when  the  goods 
are  perfectly  dry ; hence,  when  mashing  such  mellowed 
malt,  the  liquor  ought  to  be  somewhat  hotter  than  is 
used  with  the  fresh. 

Another  circumstance  which  influences  the  heat  of 
the  mash  is  the  bulk  of  materials  taken ; thus,  it  is  evi- 
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dent  that  the  temperature,  when  only  two  barrels  of 
water  per  quarter  are  employed,  must  be  higher  than 
if  three  were  taken,  notwithstanding  that  the  rise  by 
mixing  is  greater  in  the  first  instance ; both  give  olf  an 
equal  amount  of  caloric  to  the  tun;  but  as  in  the  latter 
instance  there  is  more  of  the  substance,  it  contains 
more  heat  collectively  than  the  former,  and  therefore 
it  is  not  reduced  so  much  by  the  abstraction. 

Donovan,  speaking  of  the  temperature  to  be  em- 
ployed in  mashing,  lays  down  the  following  as  a general 
rule:— For  well-dried  pale  malt,  provided  the  atmo- 
sphere does  not  exceed  50°  Fahr.,  the  heat  of  the  first 
mash- water  may  be,  but  should  never  exceed,  170°; 
that  of  the  second,  180°;  and  for  the  tim'd,  185°,  but 
never  beyond. 

It  may  be  observed  that  the  danger  of  acetification 
of  dense  worts  at  a temperature  of  160°  Fahr.,  is  not 
incurred  by  a slight  prolongation  of  the  time  of  mash- 
ing and  setting,  as  might  be  at  first  apprehended,  for 
both  are  unfavorable  to  the  change;  this  will  be  clearly 
seen  on  refening  to  the  article  on  Acetic  Acid  and 
Vinegar,  at  page  7.  Now,  if  the  agitation  of  the  goods 
by  the  machine  be  continued  only  for  a short  time,  from 
half  an  hour  to  an  hour,  the  question  might  be  asked, 
will  the  conversion  of  the  starch  be  completed  during 
that  time?  Again,  during  the  subsidence  of  the  grains 
and  other  matters  distributed  through  the  liquor  by 
the  mashing,  will  the  whole  of  the  starch  become  sac- 
charified ? The  answers  to  these  questions  might  ^vith 
truth  be  in  the  negative ; and  the  conclusion  forces  itseh' 
upon  the  reader,  that  the  shortness  of  the  time  of  mash- 
ing, and  the  inefiectual  methods  adopted  for  maintain- 
ing a suitable  temperature,  are  the  chief  causes  which 
operate  against  the  obtaining  of  dense  worts,  and  in 
favor  of  acetification.  This  is  evident  to  every  brewer 
who  takes  the  trouble  to  examine  the  subject  rationally: 
allowing  that  the  mashing  is  successful  in  discharging 
the  whole  of  the  starch  and  other  valuable  matters  from 
the  grain,  and  that  nothing  is  left  in  the  shell — which, 
however,  is  not  so — on  the  suspension  of  the  motion  of 
the  machine  the  chief  part  of  the  starch  remains,  as  is 
well  known,  unacted  upon;  and  as  the  grains  fall  to  the 
bottom,  they  carry  considerable  portions  of  the  goods 
with  them  out  of  the  reach  of  the  solution,  and  the  in- 
creased gravity  of  the  liquors,  in  consequence  of  the 
portion  of  glucose  that  is  formed,  also  precipitates  and 
hastens  the  descent  of  the  yet  imconverted  starch, 
leaving  in  a short  time  the  upper  part  of  the  liquid 
clear,  and  of  a very  low  density.  Certainly,  the  quantity 
of  wort  imbibed  by  the  grains  assists  in  the  change  into 
sugar,  but  the  transformation  is  not  nearly  so  effectual 
as  if  the  contents  were  disseminated  through  the  bulk 
of  hquid  taken  for  the  mash.  Another  consideration 
which  tends  to  show  that  the  prolonging  of  the  mash, 
provided  the  due  degree  of  heat  is  kept  up,  as  by 
Tizard’s  attemperatoi',  would  not  cause  the  time  of 
setting  the  tap  to  extend  beyond  the  usual  period 
allowed  in  the  generality  of  breweries,  is,  that  the  chief 
part  of  the  starch  being  saccharified  whilst  the  liquid 
is  in  agitation,  the  time  afterwards  necessary  for  the 
clearing  of  the  wort  would  not  be  so  long  as  in  the 
present  instance ; for  the  grains,  the  sinking  of  which 
is  to  be  effected,  being  dense  and  in  large  masses. 


would  readily  subside,  and  the  delay  caused  by  the 
minute  particles  of  starch  still  floating  in  the  liquor  to- 
wards the  bottom  would  be  avoided.  These  strictures 
may  appear  to  the  brewer  at  variance  -with  his  pre- 
conceived views;  stiU  the  Editor  feels  assured  that,  j 
by  due  care,  the  course  which  he  recommends  would 
prove  effectual,  since  the  principle  on  which  it  is 
based  is  conformable  to  the  weU-lmown  law  which  re- 
gulates the  solution  of  matter. 

Having  thus  far  spoken  of  the  data  and  principles  | 
that  ought  to  regulate  mashing  at  this  stage  of  the  j 
process — for  the  first  mash  is  the  most  important — ] 

the  method  of  drawing  off  the  wort,  or  setting  the  tap,  j 
as  it  is  called,  together  with  the  extraction  of  the 
portion  of  the  goods  still  retained  in  the  grains  by  the  | 
operation  of  sparging,  or  after-mashing,  will  next  be 
considered. 

In  reference  to  the  setting  of  the  tap,  Levesque  very 
justly  remarks  that  the  goods  should  be  dra'wn  olf 
at  the  same  degree  as  is  indicated  at  the  conclusion 
of  the  mashing,  and  recommends  the  adoption  of  the 
plan  without  incurring  any  risk  of  hurtful  decomposi- 
tions taking  place,  whatever  the  variety  of  malt  worked 
upon.  Those  who  may  not  be  very  conversant  with 
the  real  nature  of  the  subject,  and  may  have  doubts 
as  to  the  quahty  of  the  malt — ^its  newness,  hardness, 
weight,  slackness,  or  dryness,  all  of  which  require  a 
variation  of  the  heat,  or  of  the  quantity  of  hquor — if 
they  are  aheady  acquainted  with  the  final  heat  of  the 
first  mash  of  a good  operation,  they  have  only  to  raise 
the  tap  to  this  point,  and  copy  it  in  then-  subsequent 
mashings. 

From  the  great  necessity  which  exists  of  governing 
the  heat  of  liquids,  it  is  e’vident  that  the  thermometer 
must  come  into  general  request,  as,  by  its  use,  acidity, 
arising  from  a low,  and  setting  from  an  excessive  heat, 
may  be  entirely  prevented. 

The  thermometers  of  the  usual  make,  with  or  -with- 
out a case  and  reservoir,  offer  some  difficulty  in  this 
respect;  because,  as  Tizard  asserts,  when  the  case 
and  reservoir  are  affixed,  the  progressive  heat  of  the 
mash  is  conveyed  too  slowly  to  be  of  accurate  use ; and 
on  the  other  hand,  with  an  exposed  bulb,  the  mercury 
di'ops  so  instantaneously  on  its  removal  from  the  mash, 
and  with  such  rapidity,  especially  at  high  temperatures, 
that  before  the  grains  can  be  wiped  off  the  scale,  and  the 
vision  of  the  operator  has  penetrated  the  cloud  of  steam, 
and  the  film  of  mucilaginous  or  other  matters  adher- 
ing to  the  glass  which  intervenes,  the  slender  column 
of  meremy  cannot  be  discerned  till  it  will  have  fallen 
many  degrees  below  the  real  heat  of  the  mash.  Apart 
from  these  great  inconveniences,  there  is  also  the  pro- 
bability of  the  instrument  being  broken  by  the  action 
of  the  machine.  At  best,  the  mere  dipping  of  a ther- 
mometer into  the  goods  is  so  unsatisfactory,  and  so 
hazardous  in  its  applications,  that  its  indication  might 
lead  to  the  setting  of  the  whole  mash.  To  remedy 
these  obstacles,  Tizard  attaches  to  the  back  of  his 
attemperating  machine  two  movable  brackets,  reaching 
midway  between  the  centre  and  side  of  the  mash-tun, 
the  extremities  of  which  are  provided  with  sockets. 

Into  these  sockets  a long  thermometer  is  dropped, 
having  a scale  which  stands  above  the  surface  of  the 
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mash,  and  a little  lamp  attached.  In  this  way  the 
instrument  travels  with  the  machine,  and  the  mdex, 
from  being  illuminated,  will  show  truthfully  the  heat 
of  the  mash,  and  any  variation  as  it  occurs.  Similar 
contrivances  might  be  adopted  in  brewing  -with  the 
ordinary  mashing  machines,  at  little  expense  ; and  it  is 
needless  to  say  that  the  guarantee  which  would  thus  be 
given  for  knowing  the  exact  temperature,  would,  when 
compared  with  the  system  usually  resorted  to,  be  of 
incalculable  service. 

The  first  mash  being  completed,  and  the  under-back 
wherein  the  sweet  worts  are  received  being  thoroughly 
clean,  the  tap  is  turned  on  gently  at  first,  and  afterwards 
more  quickly,  till  the  liquor  runs  half  bore.  Unless 
great  care  be  exercised,  the  worts  will  not  flow  ofi' 
bright  and  clear  as  they  should  do,  and  particles  of  the 
more  finely  divided  grain,  which  are  sometimes  produc- 
tive of  inconvenience  in  the  succeeding  operations,  will 
percolate. 

If  the  process  has  been  successful,  the  wort  will  be  of 
the  same  shade  of  color  as  the  malt  employed ; it  should 
have  a tough  and  close  head  of  a silvery  whiteness, 
and  passing,  when  examined  in  the  vessel,  to  a delicate 
cream  on  the  surface,  full,  effervescing,  and  fine  flavored, 
considerably  more  so  than  the  succeeding  extract,  in 
consequence  of  the  more  mucilaginous  and  resinous 
parts  of  the  grist  not  being  abstracted.  When  the  heat 
of  the  mash  is  too  high,  it  is  observed  that  the  silvery 
white  head  has  a tinge  of  brown,  and  this  color  will  be 
deeper  in  proportion  to  the  greater  elevation  of  the 
mash  above  the  proper  degree.  Again,  if  the  heat  be 
low,  the  characteristics  of  the  head  do  not  appear, 
neither  is  it  so  close,  Ann,  bright,  or  lively  in  flavor. 
In  very  low  heats  the  head  will  not  stand,  but  fly  off 
instantly,  and  the  taps  will  be  thick  and  muddy ; this 
kind  of  wort,  on  being  exposed  to  the  air,  wfll  readily 
enter  into  decomposition  and  turn  acid. 

When  the  whole  of  the  extract  has  been  drained  off, 
the  quantity  of  liquor  to  be  used  in  removing  the  re- 
siduary portion,  retained  mechanically  by  the  grist,  as 
well  as  any  starch  which  may  still  be  present,  is  turned 
on,  and  if  the  preceding  details  be  attended  to,  the 
quantity  of  the  starch  will  be  found  to  be  very  incon- 
siderable. Many  persons  employ  from  three-eighths 
to  one-half  the  quantity  of  water  taken  from  the  first 
extract,  and  add  it  at  185°,  or  10°  over  that  at  which 
the  first  mash  is  made,  and  treat  the  goods  similarly  to 
what  was  done  at  the  commencement,  except  that  the 
time  extends  only  to  a quarter  or  one-half  that  granted 
to  the  first.  The  same  precautions  shoifld  be  observed 
in  setting  the  tap  as  have  been  already  mentioned,  and 
the  worts  conveyed  to  the  boiler  with  the  first  portion. 

By  an  economical  disposal  of  the  temperature  and 
duration  of  the  mash,  as  well  as  the  proportion  of  the 
liquor  taken,  the  residual  starch  in  the  grains  mil  be 
inappreciable  ; but  when,  as  in  many  cases,  the  opera- 
tions are  conducted  in  an  uncouth,  unscientific,  and 
often  in  an  irrational  way,  there  remains  after  the 
second  mash  as  much  as  from  eight  to  ten  pounds  per 
barrel  extract,  and  it  even  happens  that  it  is  not  wholly 
removed  by  the  third  watering.  This  product,  how- 
ever, is  coarse  and  ill-flavored,  owing  to  the  great  pro- 
portion of  bitter  resin  and  mucilage  intermixed  with  it. 


and  which  hitherto  remained  in  the  grains,  the  tem- 
perature not  being  retained  at  that  degree  at  which 
the  diastase  and  gluten  could  exert  their  combined 
influence  in  saccharizing  these  substances.  In  order 
to  avoid  the  accumulation  of  such  degenerating  con- 
stituents in  the  third  and  fourth  mash,  the  opinion  of 
Levesque  is,  that  the  heat  should  he  10°  to  12°  higher 
in  the  second  than  in  the  first  mash,  if  products  are 
run  mto  tlie  boiler  as  the  strong  wort ; if  three  mash- 
ings  are  to  be  made  for  the  same,  he  says  a difference 
of  5°  or  6°  in  each  is  most  suitable,  making  the  final  one 
at  160°. 

It  wiU  be  observed,  that  aU  these  customs  of  mash- 
ing so  repeatedly  are  at  variance  with  the  principles 
inculcated  by  the  Editor,  and  which  he  believes  to  be 
just  in  aU  their  details,  and  certain  to  result  in  suc- 
cess, if  a little  exertion  were  made  on  the  part  of 
the  operator;  it  is  also  his  opinion,  that  when  the 
activity  of  diastase  and  gluten  is  maintained  during 
the  mashing  by  contact  with  the  constituents  at  the 
proper  degree  of  heat,  considerable  portions  of  the 
gum  or  mucilage  are  transformed  into  sugar;  and  hence 
their  presence  would  not  be  found  to  such  an  ex- 
tent in  the  final  sparging  as  when  the  old  process  is 
followed.  In  a scientific  point  of  view,  the  conver- 
sion of  gum  into  glucose  is  an  ascertained  fact;  and 
the  method  of  accomplishing  this  conversion  differs 
in  nothing  from  the  course  adopted  on  the  Continent 
for  manufacturing  sugar  from  starch — namely,  boiling 
with  very  dilute  sulphuric  acid.  On  the  same  gi'ounds, 
the  catalytic  action  of  diastase  and  gluten  should,  theo- 
retically, transform  the  mucilage,  or  gum  of  the  malt, 
into  grape  sugar  as  effectually  as  it  does  the  starch; 
for  these  two  substances  are  of  analogous  composition, 
and  maintain  that  analogy  with  grape  sugar,  as  will  he 
observed  from  the  annexed  formulae,  showing  the  com- 
position of  the  three  bodies : — 

Gum,  anhydrous, Cj2  Hu  Ojj 

Starch,  anhydrous, 0,2  Ojo 

Grape  sugar,  anhydrous, 0,2  Hjg  O12 

Grape  sugar,  hydrated, 0^2  H14  O14 

From  this  it  is  plain  that  the  only  difference  in  the 
elementary  composition  of  the  three  substances  is,  that 
gum  contains  one,  and  anhydrous  grape  sugar  two 
equivalents  of  water  more  than  the  starch,  and  that 
the  change  of  the  other  two  into  sugar  involves  no 
greater  complexity  of  action  than  the  assimilation  of  a 
few  equivalents  of  hydrogen  and  oxygen ; but,  in  doing 
this,  the  whole  atomic  constituents  may  arrange  them- 
selves differently,  though  still  retaining  the  relative 
elementary  proportion  to  the  other  constituents  exist- 
ing in  either  starch  or  gum. 

Before  leaving  this  subject,  it  may  be  stated  as  cer- 
tam,  that  the  change  of  the  gum  into  saccharum  is 
much  less  active  than  that  of  the  starch,  and  hence  it 
requires  the  proximity  of  the  saccharifying  agent  in  the 
malt,  and  the  intervention  of  a continued  heat  at  the 
proper  pitch,  before  it  is  completed.  From  this  cir- 
cumstance arises  the  great  value  of  Mr.  Tizard’s 
apparatus,  as  it  maintains  the  contents  of  the  mash 
tun  at  the  most  efficient  degree  of  heat  throughout  the 
mashing.  • 

There  is  another  method  followed  for  abstracting  the 
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residuary  matters  in  the  grist,  after  the  first  mash  is 
completed,  which  is  called  sparging,  from  the  circum- 
stance that  the  liquid  is  sprinkled  on  the  goods  from 
numerous  outlets.  It  is  said  to  he  very  beneficial  in  its 
results,  particularly  when  the  whole  of  the  wort  is 
intended  for  the  strong  or  the  better  quality  of  beer. 
The  method  of  sparging  is  as  follows : — When  the  tap 
has  been  set  for  di'awing  off  the  first  wort,  the  hot 
liquor,  of  the  same  temperature  as  the  preceding  mash, 
is  sprinkled  on  from  a machine  constructed  thus:  a 
perforated  tube  is  taken  and  laid  upon  a bar,  the  whole 
being  placed  horizontally  in  the  tim,  and  rested  upon 
a pin  in  the  centre,  and  over  which  a receiving  vessel 
is  placed  to  supply  the  tube  with  water.  The  per- 
forations extend  to  the  whole  length  of  the  two  or 
three  arms  of  the  tube,  so  that  the  liquid  flows  out 
I horizontally,  but  in  opposite  directions;  and  through 
the  effect  of  the  force  of  this  efflux,  together  with 
the  centrifugal  motion  communicated  by  the  cmrent 
coming  from  the  receiving  vessel,  the  pipe  is  kept 
rotating,  and  the  hquor  is  dispersed  equally  over  the 
goods.  Some,  instead  of  the  tube,  use  a cover,  which 
they  place  over  the  liquor,  and  direct  the  stream 
upon  it;  the  first  method  seems,  however,  to  be  more 
efficient. 

Many  persons  do  not  set  the  sparger  till  one-fourth, 
one-half,  or  even  three-fourths,  of  the  strong  extract  is 
drawn  off;  but  when  the  liquid  is  sprinkled  on  gently — 
as  it  must  be  from  the  perforated  tubes — there  need  be 
no  apprehension  of  the  wort  being  diluted;  and  the 
good  which  it  does,  by  displacing  the  quantity  of  the 
stronger  mash  imbibed  by  the  malt,  as  also  by  exhaust- 
ing the  grist  of  the  residual  saccharum,  without  taking 
up  the  resinous  constituents,  is  an  undoubted  recom- 
mendation; besides,  when  the  chief  part  of  the  first 
mash  is  drawn  off  before  the  sparging,  the  grains 
accumulate  in  a denser  layer  on  the  bottom,  and  the 
facility  with  which  it  is  desirable  that  the  edulcora- 
tion  should  penetrate  every  portion  of  the  grist,  cannot 
be  turned  to  advantage.  The  mashing  attemperator 
already  alluded  to,  has  perforated  tubes  attached  to 
it,  so  that  water  can  be  transmitted  through  them 
over  the  mash. 

To  those  whose  routine  of  working  is  based  on  old 
established  practice,  this  mode  may  appear  ruinous,  as 
their  after  mashings  contain  six  to  ten  pounds  of  ex- 
tract per  barrel,  which  are  calculated  to  be  as  valu- 
able as  an  equal  proportion  of  the  first  wort ; but,  with- 
out stopping  to  inquire  whether  this  is  the  case  or  not, 
it  may  be  sufScient  to  assert,  on  the  grounds  which  it 
is  hoped  have  been  clearly  explained  in  the  foregoing, 
that,  if  a proper  course  of  mashing  be  adopted,  there 
will  be  none  of  this  matter — the  whole  of  the  valuable 
constituent  will  be  taken  up  in  the  first  wort,  and 
what  remains  of  it  embedded  in  the  grist,  removed  by 
the  washing  or  sparging,  in  the  manner  which  has  just 
been  described.  A dense  and  valuable  wort  will  be 
thus  obtained,  and  the  subsequent  concentration — as 
will  be  explained  under  the  Boiling,  in  the  next  stage — 
the  time  expended,  and  the  danger  of  decomposition, 
to  which  the  extraction  of  weak  and  impure  goods  sub- 
jects the  operator,  are  entirely  obviated. 

It  is  necessary  to  have  the  sparging  continued  with- 
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out  intermission,  till  the  whole  of  the  soluble  matters 
is  removed,  using  only  as  much  liquor  as  is  necessary 
to  make  up  the  proper  lengths. 

The  grains  left  after  mashing — see  analysis,  page 
244 — or  when  the  whole  of  the  starch  has  been  re- 
moved, are  very  beneficial  for  the  use  of  swine  and 
cattle,  as  they  contain  gum,  and  some  of  the  nitroge- 
nous or  protein  constituents  of  the  barley,  in  the 
shape  of  gluten,  together  with  a certain  amount  of 
celliflose,  which  is  valuable  and  as  effective  in  nourish- 
ing as  an  equivalent  weight  of  the  original  unmalted 
grain.  In  addition  to  these,  if  the  methods  recom- 
mended in  the  mashing  have  been  attended  to,  there 
will  be  a further  quantity  of  mucilage,  which  will  con- 
tribute, in  the  animal  economy,  to  effect  the  same  pm- 
poses  and  ends  as  starch. 

Sacchaeometky. — Before  dwelling  circumstantially 
on  the  ioUing,  hopping,  and  cooling,  it  wfll  be  desirable 
to  make  some  further  allusion  to  the  methods  at  the 
brewer’s  command  for  taking  the  density,  and  for  making 
liimself  acquainted  with  the  amount  of  matter  in  his 
wort,  as  well  at  the  high  temperature  at  which  it  is 
drawn  off  from  the  under-back,  as  when  he  reduces  it 
in  the  refrigerator.  The  knowledge  of  the  gravity  of 
the  product  after  fermentation,  so  as  to  ascertain  the 
quantity  of  spirit  and  saccharine  matters  contained 
in  it,  is  of  importance  to  every  brewer. 

Reference  has  been  made,  at  page  250,  to  the  means 
whereby  the  worts  may  be  tested,  and  their  content  of 
saccharine  matter  ascertained,  either  from  the  specific 
gravity  or  by  the  saccharometer ; but  as  the  liquor  at 
this  stage  is  usually  between  150°  and  160°  Fahr.,  the 
indication  which  it  gives  is  only  the  apparent  density, 
since,  by  expansion,  the  bulk  of  the  solution  is  con- 
siderably increased;  and,  therefore,  the  amount  of 
solid  extractive  matter,  in  any  given  volume  of  the 
liquor,  is  much  less  than  what  the  same  buUi  would 
show  at  60°,  the  barometer  being  at  29 ‘5  or  30 
inches. 

The  saccharometers  chiefly  employed  are  those  of 
Allan,  Bate,  Being  and  Fage,  and  Long.  The 
first  three  are  recommended  by  the  Excise;  but,  as 
Allan’s  has  been  discarded,  the  instruments  of  Bate, 
and  Being  and  Fage,  are  solely  used  by  the  Govern- 
ment. Bate’s  is  usually  made  of  metal,  has  five  floats 
answering  to  the  different  strengths  'of  the  wort,  and 
one  to  indicate  which  of  the  poises  AviU  suit  on  every 
occasion,  mostly  on  the  same  plan  as  Sykes’  alcoholo- 
meter, described  at  page  132.  The  instrument  is  accom- 
panied by  a book,  wherein  are  copious  explanations 
and  directions  for  using  it,  together  with  sixteen  pages 
of  tables  of  gravity  and  strengths  per  barrel,  contain- 
ing over  40,000  figures,  in  10,000  distinct  determina- 
tions, calculated  to  answer  every  degree  of  specific 
gravity,  from  '995  to  1T50,  as  also  every  alternate 
degree  of  temperature,  from  50°  to  150°  Fahr.  Not- 
withstanding all  this  labor  and  diversity  of  numbers, 
Tizaed  says  that  it  is  scarcely  possible  to  look  down  a 
double  column  of  degrees  and  results,  especially  to- 
wards the  right,  and  not  discover  great  irregiflarity  in 
the  deductions. 

He  points  this  out  in  respect  to  the  conclusions  of 
the  two  hydrometers  recommended  by  Government,  in 
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tlie  quantity  of  extract  in  the  gallon  and  barrel  of 
wort,  of  the  same  gravity,  as  follows : — 


Specific 
gravity 
by  the 
sacchnro- 
meter. 

Quantity  of  solid  extract  in  pounds. 

Excisable 
difference 
in  each 
barreL 

In  each  gallon. 

In  each  barrel. 

Allan. 

Bate. 

Allan. 

Bate. 

1001 

0-0293 

0-026 

1-0656 

0-936 

0-119 

1010 

0-2997 

0-258 

10-7890 

9-288 

1-501 

1015 

0-4517 

0-387 

16-2600 

13-932 

2-328 

1100 

3-2638 

2-593 

117-4840 

93-448 

24-036 

1150 

5-1182 

3-903 

184-2540 

140-508 

43-746 

The  wide  discrepancy  of  these  results  speaks  loudly 
against  Allan’s,  assuming  that  Bate  is  right ; but  the 
forementioned  gentleman  is.  far  from  this  opinion,  and 
justly  so,  if  it  be  considered  that  the  expansion  of  the 
volume  of  liquor,  by  the  increased  saccharine  extract, 
is  regular,  and  in  an  even  ratio;  for,  instead  of  the 
residts  being  so  many  multiples  of  the  factor  laid  down 
for  the  gravity  1001,  it  will  be  observed  that  they  are 
considerably  imder,  without  the  content  in  any  way 
accounting  for  it. 

The  instrument  of  Bring  and  Fage  is  more  simple 
than  the  foregoing,  as  it  has  but  two  weights,  corre- 
sponding to  worts  containing  twenty  and  forty  pounds 
per  barrel.  It  is  constructed  of  brass,  and  is  similar 
in  shape  to  a glass  hydrometer,  except  that  the  stem 
whereon  the  indices  are  engraved  is  square,  and 
marked  on  three  sides : the  first,  from  1 to  20 ; the 
second,  from  20  to  40 ; and  the  third,  from  40  to  60. 
No  weight  need  be  used  till  the  wort  exceeds  twenty 
pounds  per  barrel ; after  this,  the  weight  No.  1 is 
slipped  on  at  the  top,  and  the  indications  observed  on 
the  side  of  the  stem,  marked  No.  2,  till  the  figure  40  is 
exposed,  and  lastly,  the  weight  No.  2 is ‘placed  on, 
and  the  value  sought  on  the  side  marked  No.  3,  tiU  it 
reaches  60,  which  is  the  limit  of  the  instrument. 

Mr.  Long,  of  London,  is  the  maker  of  another  sac- 
charometer,  said  to  be  very  exact,  but  which  is  not 
recognized  by  the  Government;  it  has  one  accompanj^- 
ing  poise,  to  he  used  when  the  wort  exceeds  twenty- 
five  pounds  per  barrel.  This  instrument  is  based  and 
regulated  on  the  assumption,  that  a wort  marking 
twenty  pounds  per  barrel  on  the  instrument,  contains 
fifty-two  pounds  of  real  extract ; and,  taking  the  weight 
of  a gallon  of  such  saccharine  matter  to  be  1625,  water 
being  1000,  the  preceding  quantity  occupies  3‘2  gallons, 
leaving  32 ‘8  as  the  space  occupied  by  the  water,  and 
hence  the  volume,  or  decimal  part  of  a gallon,  filled  by 
each  pound,  is  0'6154.  Dispensing  with  the  rigid  ac- 
curacy which  analytical  chemistry  teaches,  and  viewing 
these  results  in  a commercial  and  business-hke  manner, 
where  truth  and  despatch,  without  very  scrupulous  ex- 
actness, are  the  requirements,  the  conclusions  of  Long 
are  worthy  of  being  received,  as  they  lead  to  the  esti- 
mation of  the  saccharum  with  some  degi'ee  of  cer- 
tainty. 

Tizard,  by  a series  of  calculations  upon  the  same 
basis  as  those  of  Long,  arrived  at  results  somewhat 
different,  and  which  are  tabrdated  by  him,  as  annexed, 
showing,  by  comparison,  the  discrepancy  between  them 
and  the  numbers  given  by  the  makers  of  the  most 
popular  instruments : — 


Weight  of  solid  extract  to  the  imperial  gallon. 


gravity. 

Allan. 

Bring  and  Fage. 

Bate. 

Long. 

Tizard- 

1010 

0-2997 

0-2777 

0-258 

0-2583 

0-2618 

1020 

0-6053 

0-5555 

0-516 

0-5194 

0-5236 

1030 

0-9168 

0-8333 

0-775 

0-7777 

0-7854 

1040 

1-2343 

1-1111 

1-033 

1-0388 

1-0472 

1050 

1-5577 

1-3888 

1-293 

1-3000 

1-3090 

1060 

1-8870 

1-6666 

1-552 

1-5583 

1-5708 

1070 

2-2223 

1-9444 

1-812 

l-8f94 

1-8326 

1080 

2-5634 

2-2222 

2-071 

2-0777 

2-0944 

1090 

2-9105 

2-5000 

2-332 

2-3388 

2-3562 

1100 

3-2636 

2-7777 

2-593 

2-6000 

2-6180 

1110 

3-6226 

3-0555 

2-854 

2-8583 

2-8798 

1120 

3-9875 

3-3333 

3-116 

3-1194 

3-1416 

1130 

4-3584 

3-6111 

3-378 

3-3777 

3-4034 

1140 

4-7352 

3-8888 

3-640 

3-6388 

3-6652 

1150 

5-1182 

4-1666 

3-903 

3-9000 

3-9270 

It  may  be  remarked  that  the  products  of  Tizard 
are  higher  than  those  of  Bate  and  Long  ; their  being 
multiples  of  the  factor  ‘2618  may  be  easily  seen  to 
have  resulted  from  the  circumstance  that  they  are 
calculations,  whereas  in  the  other  statements,  if  ex- 
periments were  resorted  to,  to  corroborate  calculations,  • 
the  inequalities  might  have  arisen  from  various  rela- 
tive causes;  by  their  aid,  however,  the  quantity  of 
extract  in  a wort  may  be  pretty  accurately  ascertained, 
and  when  the  brewer  knows  theoretically  what  he  is 
to  expect,  and  is,  besides,  able  to  make  the  calculation, 
without  blindly  trusting  to  tables,  provided  he  multi- 
plies the  gravity  indicated  by  the  saccharometer  into 
•2618,  the  product  will  be  the  pounds  of  saccharum  per 
barrel. 

Dr.  Ure,  who  in  1830  experimented  on  this  subject, 
states  that  the  specific  gravity  of  the  solid  dry  extract 
of  malt  is  L264,  and  the  specific  volume  0’7011,  that 
is,  ten  pounds  of  it  will  occupy  the  volume  of  7‘911  of 
water.  Wlien  this  extract  is  dissolved  in  its  own 
weight  of  water,  the  density  of  the  resulting  liquid,  by 
calculation,  ought  to  he  1‘1166,  whereas,  by  experi- 
ment, it  proved  to  be  1'216,  thus  showing  that  a con- 
siderable condensation  of  volume  had  taken  place  in  the 
act  of  combination  with  t^e  water. 

The  following  table,  showing  the  relation  between 
the  specific  gravity  of  the  solutions  of  malt  extract  and 
the  quantity  of  matter  they  contain,  illustrates  the 
above : — 


Malt  extract.  Water. 

Malt  extract  in  100. 

Sugar  in  100. 

Specific  gravity. 

600  + 600 

50-00 

47-00 

1-2160 

600  + 900 

40-00 

37-00 

1-1070 

600  + 1200 

33-33 

31-50 

1-1350 

600  + 1500 

28-57 

26-75 

1-1130 

600  + 1800 

25-00 

24-00 

1-1000 

Regarding  the  saccharometric  tables  constructed  by 
Bate  and  others  on  solutions  of  sugar,  and  not  upon 
those  of  extract  of  malt,  Ure  remarks  that  they  agree 
pretty  well  -with  the  former,  but  differ  materially  from 
the  latter ; Allan’s  tables,  he  says,  give  the  amount 
of  a certain  form  of  solid  saccharine  matter  extracted 
from  malt,  and  dried  at  175°  Fahr. ; but  he  found  it 
impossible  to  make  a solid  extract  of  solutions  of  malt, 
except  at  much  higher  temperatures;  further,  he  as- 
serts that  the  extract  upon  wliich  Allan  operated 
was  by  no  means  dry;  for  at  LlOO  gravity,  he  assigns 
29'669  per  cent,  of  solid  matter,  whereas  only  twenty- 
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five  per  cent,  is  present;  and  again,  at  1'135  per  cent., 
he  states  40,  when  it  is  only  33'33. 

Apart  from  the  foregoing  consideration,  there  is  an- 
other important  circumstance  which  must  be  taken  into 
account  in  ascertaining  the  gravity — namely,  the  difl'er- 
ent  expansions  of  bodies  at  various  degrees  of  tempera- 
ture, from  32°  to  their  boiling  point.  When  many 
liquids  are  heated  from  32°,  or  their  point  of  greatest 
density,  to  212°,  considerable  dilference  is  observed  in 
this  respect ; for  instance,  the  dilatation  of  alcohol  is 
much  greater  than  that  of  water,  and  this  again  than 
mercury,  and  so  of  numerous  other  liquids.  The  amount 
of  expansion  of  different  liquids  in  passing  through  180°, 
that  is,  from  32°  to  212°  Fahrenheit,  is  found  by  experi- 
ment to  be — 

Alcohol, 

Nitric  acid, 

Fixed  oils,  . 

Ether, 

It  may  be  well  to  illustrate  the  meaning  of  the  above, 
by  showing  the  difference  in  volume  of  water  from 
32°  to  212°,  as  given  by  several  chemis'ts  who  have 
investigated  the  subject. 

There  is  one  remark,  however,  which  is  deserving  of 
being  made,  for  the  sake  of  those  who  may  not  be 
conversant  with  such  subjects — namely,  that  heat 
communicated  to  the  bottom  of  liquids  is  readily  dif- 
fused through  the  whole  body;  not,  however,  by 
radiation,  as  is  the  case  with  solids,  but  by  the  dila- 
tation of  the  inferior  particles,  which  renders  them 
specifically  lighter  than  those  above  them,  on  which 
account  they  ascend,  their  place  being  occupied  by 
other  globules;  these,  again,  receiving  warmth  and 
ascending  like  the  preceding.  Thus,  by  the  constant 
exposure  of  fresh  portions  of  water  to  heat,  and  the 
motion  produced  in  the  liquor  by  their  rarefaction,  the 
whole  bulk  is  brought  to  that  degree  beyond  which 
any  application  of  more  heat  would  destroy  the  limits 
within  which  the  density  and  liquidity  remain,  and  the 
fluid  would  become  aeriform.  It  is  plain,  then,  that  it 
is  gravitation  which  exerts  such  great  influence  on  the 
transmission  of  caloric  through  a body  of  liquid,  as  well 
from  the  facts  above  cited,  as  from  its  tardy  absorption 
by  the  solution  when  the  heat  is  applied  to  its  surface, 
in  which  case  the  supernatant  particles  only  receive 
the  rays  by  which  they  are  rendered  lighter  and  con- 
tinue to  float  upon  the  denser.  This  slowness  of 
acquiring  heat  from  the  surface  led  Eumfoed  to 
deny  that  water,  or  fluids  generally,  had  any  power 
of  conducting  it;  stiU  it  is  long  since  known  that 
liquids  do  conduct  heat,  though  in  a ratio  far  inferior 
to  solids. 

Science  has  converted  this  phenomenon  to  highly 
beneficial  uses  in  many  departments  of  industrial  pro- 
gress. The  thermometer,  with  aU  its  inestimable  bene- 
fits, is  based  upon  it,  and  at  the  present  day,  the  appli- 
cation of  expanding  substances  to  the  requirements  of 
manufactures,  trade,  and  navigation,  commands  no  small 
consideration  in  contributing  to  the  wealth  of  nations. 

According  to  Kopp,  water  expands  when  heated 
from  32°  to  212°,  0‘042986  of  its  volume,  as  wiU  be 
seen  from  the  annexed  table  of  the  expansion  of 


water  from  the  freezing  to  the  boiling  temperature,  the 
volume  at  0°  C.,  or  32°  Fahr.,  being  taken  as  imity : — ■ 


Temp. 

Ceut. 

Temp. 

Fahr. 

Volume. 

Temp. 

Cent. 

Temp. 

Fahr. 

Volume. 

0° 

32° 

1 -000000 

21° 

69-8° 

1-001776 

1 

33-8 

0-999947 

22 

71-6 

1-001995 

2 

35-6 

0-999908 

23 

73-4 

1-002225 

3 

37-4 

0-999885 

24 

75-2 

1-002465 

4 

39-2 

0-999877 

25 

77-0 

1-002715 

5 

41-0 

0-999883 

30 

86-0 

1-004064 

6 

42-8 

0-999903 

35 

95-0 

1-005697 

7 

44-6 

0-999938 

40 

104 

1-007531 

8 

46-4 

0-999986 

45 

113 

1-009541 

9 

48-2 

1-000048 

50 

122 

1-011766 

10 

50-0 

1-000124 

55 

131 

1-014100 

11 

51-8 

1-000213 

60 

140 

1-016590 

12 

53-6 

1-000314 

65 

149 

1-019302 

13 

55-4 

1-000429 

70 

158 

1-022246 

14 

57-2 

1-000556 

75 

167 

1-025440 

15 

59-0 

1-000695 

80 

176 

1-028581 

16 

60-8 

1-000846 

85 

185 

1-031894 

17 

62-6 

1-001010 

90 

194 

1-035397 

18 

64-4 

1-001184 

95 

203 

1-039094 

19 

66-2 

1-001370 

100 

212 

1-042986 

20 

68-0 

1-001567 

The  precedhig  table  shows  the  degi’ee  of  contraction 
which  water  rmdergoes  when  heated  from  32°  to  its 
point  of  greatest  density,  which  is  stated  as  39 '2°  Fahi’. 
From  this  point  to  the  normal  temperature  of  60°,  the 
expansion  of  a volume  of  water  is  0’000894,  and  from 
this  to  158°,  '021475  of  its  original  volume.  Now,  a 
given  bulk  of  liquid,  having  solid  bodies,  such  as 
mineral  salts,  et  cetera,  dissolved  in  it,  does  not  in- 
crease or  contract  in  the  same  proportion  when  heated 
from  32°  to  212°,  as  pure  water,  in  consequence  of  the 
solid  matter  not  being  so  expansible  as  the  liquid, 
and  hence  it  follows  that  dense  worts  wiU  not  dilate  or 
contract  as  much  as  those  which  are  more  dilute.  On 
examining  worts  of  high  temperatures,  the  object  is  to 
find  the  increase  of  weight  consequent  upon  the  con- 
traction of  any  given  bulk  of  liquid,  when  cooled  from 
a higher  to  a lower  degree  of  heat. 

According  to  Bate’s  tables,  the  allowance  which 
should  be  made  for  every  ten  degrees  between  the 
normal  points,  60°  and  150°,  is  as  follows : — 


Saccharomet- 
ric  gravity. 

70® 

80® 

00® 

100® 

110® 

120® 

130® 

140® 

160® 

Sum. 

10 

1-0 

1-2 

1-5 

1-7 

1-9 

2-1 

2-3 

2-5 

2-8 

17-0 

50 

1-2 

1-4 

1-6 

1-8 

2-1 

2-3 

2-5 

2-7 

3-0 

18-6 

100 

1-4 

1-6 

1-8 

2-0 

2-2 

2-5 

2-7 

2-9 

3-2 

20-3 

150 

1-6 

1-8 

2-0 

2-2 

2-4 

2-7 

2-9 

3-2 

3-4 

22-2 

The  subjoined  table,  selected  from  those  of  Bate  by 
Tizaed,  will  answer  the  purposes  of  the  ordinary 
brewer ; and  where  the  cori'esponding  degree  does  not 
occur,  a con-ect  fraction  may  be  attached  at  an  aver- 
age, founded  on  the  following  facts.  When  a liquid, 
the  specific  gravity  of  which  is  1000  at  60°,  is  heated 
to  78°,  the  instrument  wiU  sink  two  divisions  below 
the  true  gravity  as  found  at  60°,  and  if  the  temperature 
be  elevated  to  93°,  it  wiU  sink  four  divisions,  and  so 
on ; in  other  words,  any  liquid  heated  to  these  points, 
and  tested  vrith  the  hydrometer  or  saccharometer,  wiU 
manifest  a much  higher  density  when  cooled  down  to 
60°  Fahr. ; thus,  if  there  be  three  liquids  at  the  tem- 
peratoes  of  124°,  92°,  and  78°,  and  the  instrument  be 
dropped  into  them,  it  wiU  sink  in  the  first  ten,  in  the 
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second  eight,  and  in  the  third  six  divisions,  lower  than 
it  would  in  the  same  were  they  cooled  down  to  60°; 
hence,  when  testing  the  hquors  heated  to  these  degrees. 


it  is  necessary  to  add  the  numbers  ten,  eight,  six, 
et  cetera,  to  the  apparent  densities,  in  order  to  find  the 
real  gravity  at  the  standard  of  60°  Fahr. 


Apparent  gravities  giving  the  same  density  at  the  accompanying  heats  as  the  first  column  at  60®. 


at  6u®  Fahr. " 

Ap  gr. 

Degrees. 

Ap.  gr. 

Degrees. 

Ap.  gr. 

Degrees. 

Ap.  gr. 

Degrees. 

Ap.  gr. 

Degrees. 

1000 

998 

79-00° 

996 

93-00° 

994 

105-00° 

992 

115-50° 

990 

125-20° 

1010 

1008 

78-00 

1006 

92-00 

1004 

104-00 

1002 

114-50 

1000 

124-00 

1020 

1018 

78-00 

1016 

91-33 

1014 

103-00 

1012 

113-50 

1010 

122-80 

1030 

1028 

77-33 

1026 

90-66 

1024 

102-50 

1022 

112-50 

1020 

122-00 

1040 

1038 

76-66 

1036 

90-00 

1034 

101-50 

1032 

111-50 

1030 

120-80 

1050 

1048 

76-00 

1046 

89-33 

1044 

100-66 

1042 

111-00 

1040 

120-00 

1060 

1058 

76-00 

1056 

88-66 

1054 

100-00 

1052 

110-00 

1050 

118-80 

1070 

1068 

75-33 

1066 

88-00 

1064 

99-00 

1062 

109-00 

1060 

118-00 

1080 

1078 

74-66 

1076 

87-33 

1074 

98-00 

1072 

108-00 

1070 

116-80 

1090 

1088 

74-66 

1086 

86-66 

1084 

97-50 

1082 

107-00 

1080 

116-00 

1100 

1098 

74-00 

1096 

86-00 

1094 

96-50 

1092 

106-50 

1090 

114-80 

1110 

1108 

74-00 

1106 

85-50 

1104 

96-00 

1102 

105-50 

1100 

114-00 

1120 

1118 

73-50 

1116 

85-00 

1114 

95-50 

1112 

104-50 

1110 

113-20 

1130 

1128 

73-33 

1126 

84-50 

1124 

94-50 

1122 

104-00 

1120 

112-40 

1140 

1138 

73-00 

1136 

84-00 

1134 

94-00 

1132 

103-20 

1130 

111-40 

1150 

1148 

72-66 

1146 

83-50 

1144 

93-50 

1142 

104-40 

1140 

110-80 

The  following  theorem,  for  reducing  the  gravities  of 
hot  worts,  is  taken  from  Tizaed  on  hr  awing: — To 
unity,  or  1,  representing  the  par  or  standard  of  water, 
add  OT  for  every  twenty-five  points  of  gravity  indi- 
cated by  the  instrument,  and  O'Ol  for  each  degree  of 
temperatirre  above  60,  and  multiply  thb  sum  by  ten 
times  the  latter  number  for  the  coiTection. 

Example  1. — Let  the  apparent  density  be  6,  and 
the  temperature  92°,  then  (1  -[-  ‘32)  X 3‘2  = 4‘224, 
which,  added  to  the  original  6,  gives  10'224. 

Example  2. — Apparent  gravity  27,  temperature 
124°. 

Here  (1-1  -f  -64)  X 6-4  = 1-74  X 6-4  = 11-136, 
and  11-136 -f- 27  = 38-136,  results  which  agree  with 
those  of  Bate. 

Before  leaving  this  subject,  it  may  be  well  to  notice 
a new  saccharometer,  constructed  by  Mr.  J.  Casar- 
TELLi,  of  Liverpool  and  Manchester,  on  the  principle 
of  that  of  Being  and  Fage.  It  is  made  of  glass,  of 
the  shape  of  the  ordinary  hydrometer,  as  sketched  in 
the  annexed — Fig.  160 — except  that  in  the  large  bulb 
a small  thermometer  is  placed  to  register  the  tempera- 
ture of  the  liquor.  The  stem  of  the  saccharometer  is 
graduated  by  a scale  from  0 to  55,  denoting  so  many 
pounds  per  barrel  of  extractive  matter,  and  the  plate 
affixed  to  the  thermometer  is  engraved  with  figures  0 to 
8,  the  former  corresponding  to  60°,  and  the  latter  to  157° 
Fahr.,  each  of  which  represents  one  division  of  the  stem, 
as  the  liquor  at  these  respective  temperatures  would,  if 
cooled  to  60°,  exactly  mark  an  extra  degree  to  what  it 
shows.  The  manner  of  using  it  is  as  follows : — 
Having  floated  it  till  the  level  of  the  hquor  is  sta- 
tionary, the  indication  is  noted ; the  instrument  is  then 
taken  out,  and  the  figure  to  which  the  mercury  has 
risen  in  the  small  thermometer  observed  and  added  to 
the  preceding ; the  total  will  be  the  number  of  poimds 
of  extractive  matter  in  a barrel  of  the  wort  or  gyle  at 
60°.  This  ingenious  contrivance,  besides  being  as 
correct  as  the  instruments  of  Being  and  Fage,  is 
much  more  simple,  so  that  there  is  no  need  of  sliding 
rules  and  thermometers,  as  furnished  with  other  instru- 
ments. On  the  whole  it  is  much  preferable  to  those 
of  metal,  and  although  it  is  more  fragile,  yet  it  is  not 


liable  to  lead  to  the  wrong  results  which  the  others  » 
are  apt  to  produce  when  disfigured  by  p-;g_  leo. 
dinges,  et  cetera.  The  factor  used  in  ~ 

the  instrument  is  2-72,  and  the  pro- 
portion of  alcohol  which  the  wort 
would  yield  on  being  fermented,  is 
tabulated  in  a card  accompanying  it. 

Boiling  the  Worts. — In  order 
to  show  the  chemistry  of  this  opera- 
tion, the  first  consideration  is  the 
composition  of  the  worts,  when  drawn 
off  from  the  mash-tun  to  the  under- 
back,  and  the  maimer  in  which  they 
are  affected  by  the  boiling. 

Fhstly,  then,  from  the  views  and 
detailed  facts  given  under  the  mash- 
mg,  it  wfil  be  seen  that  the  wort  is 
composed  of  water,  saccharum  or 
glucose,  mucilage  or  gum,  generated 
by  the  heat  applied  in  drying  the 
malt,  and  some  small  quantities  of 
starch,  albumen,  ahd  gluten.  Accord- 
mg  to  the  greater  or  less  care  be- 
stowed on  the  preceding  operations 
of  maltmg  and  mashing,  the  wort  will 
vary  in  its  content  of  saccharine  ex- 
tract. If  a wort  be  evaporated  at 
a moderately  elevated  temperature 
without  approaching  ebullition,  and 
the  residue  heated  in  a water  or  air 
bath,  or  in  vacuo  over  sulphuric  acid, 
to  expel  the  last  trace  of  moisture, 
every  hunched  parts  of  the  dry 
substance  will  yield  generally  from 
ninety-two  to  ninety-four  per  cent, 
of  sugar,  four  of  gum  and  a bitter 
resinous  matter,  and  two  of  albumen, 
gluten,  and  inorganic  salts.  The 
composition,  however,  must  vary 
much,  according  to  the  mode  adopted 
in  the  making  of  the  malt.  Most 
of  these  matters,  except  the  sugar, 
may  well  be  dispensed  with  in  the  finished  beer;  for 
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they  injure,  rather  than  improve,  the  quality  of  the 
product. 

The  gluten  is  insoluble  in  water;  but,  in  conse- 
quence of  the  presence  of  glucose  and  diastase — to  the 
latter  of  which  it  in  some  measure  assimilates  in  trans- 
forming the  starch  into  sugar — it  is  dissolved  in  the 
mashmg.  The  gum  is  soluble  in  the  wort,  as  is  also 
the  albumen,  excepting  at  a temperature  approaching 
ebullition,  when  it  coagulates  into  clots  or  flakes ; tliis 
substance  is  also  insoluble  in  alcohol,  which  precipi- 
tates it  from  its  solutions. 

It  has  been  observed  that  the  gluten  of  the  malt, 
during  the  mashing,  undergoes  a change,  by  which 
lactic  acid  is  to  some  extent  formed.  The  cause  of 
this  alteration — which  is  rather  injurious  to  brewing, 
owing  to  acetic  acid  very  often  resulting — is  found  in 
an  incipient  fermentation,  whereby  the  casein  of  the 
crude  gluten  is  transformed  into  lactic  acid  and  other 
peculiar  products,  which  change  is  also  communicated 
to  a portion  of  the  starch.  Boiling  of  the  worts  is 
avowedly  practised  with  the  intent  of  removing  the 
excess  of  nitrogenous  matter;  for,  if  this  were  permit- 
ted to  remain,  it  would  undergo  the  putrid  fermenta- 
tion, and  completely  destroy  the  whole  product;  boil- 
ing is  reputed  also  to  give  to  the  liquor  a grateful 
flavor,  and  render  it  more  wholesome;  but  the  most 
satisfactory  recommendations  in  its  favor  are,  that  it 
diminishes  the  liability  to  acescency,  by  expelling  the 
contained  air;  and  those  matters  that  are  subject  to 
change,  being  in  a measure  excluded  from  the  atmo- 
sphere, which  is  absolutely  necessary  for  acetification 
taking  place,  the  liquor  remains  sound  for  a long 
time.  Boiling  is  resorted  to  for  other  purposes — 
namely,  the  expulsion  of  the  excess  of  liquor  used  in 
the  mashing,  as  well  as  for  the  transformation  of  any 
starch  which  might  stfll  remain  intact  into  saccharum 
or  dextrin.  Attention  to  the  principles  of  mashmg, 
and  the  use  of  the  attemperator,  would  do  away  with 
these  disadvantages.  There  is  another  important  ob- 
ject for  which  the  worts  are  boiled,  namely,  the  ex- 
traction of  the  valuable  and  medicinal  principles  of 
the  hops,  whereby  the  flavor  of  the  liquor  is  improved, 
as  well  by  the  agreeableness  of  the  volatile  oil  of 
the  flowers,  as  by  the  bitter  resin  and  tannin,  which 
are  dissolved  out,  and  which  destroy  the  luscious  sickly 
taste  of  the  saccharum  of  the  worts.  Besides,  hops 
impart  not  only  a bitter  aromatic  taste,  but  also  a 
keeping  quality,  as  they  coimteract  the  natural  ten- 
dency of  the  beer  to  become  acerb ; an  effect  partly 
attributable  to  the  precipitation  of  the  albumen  and 
starch  by  their  resin  and  tannic  acid,  and  partly  to  the 
antifermentable  properties  of  their  lupulin  and  other 
constituents. 

Various  opinions  have  been  set  forth  regarding  the 
necessity,  the  efflcacy,  and  the  iujmiousness  of  boiling ; 
generally  speaking,  the  idea  is,  that  from  the  man- 
ner in  which  it  is  usually  conducted,  it  acts  prejudi- 
cially, inasmuch  as  by  it  the  most  prized  material  of 
the  hops — the  odoriferous  oil — is  dissipated,  and  too 
much  of  the  disagreeable  principle  and  tannin  ex- 
tracted, whereby  the  bitterness  and  astringency  be- 
come too  powerful.  Those  who  condemn  boiling  alto- 
gether should  study  its  antiputrescent  effects,  especially 


where  albmninous  and  other  substances,  such  as 
casein,  fibrin,  et  cetera,  analogous  to  those  in  the  extract, 
are  present.  Boihng  has  the  effect  of  expelling  air 
from  the  interstices  of  the  particles  of  the  hquid,  and 
coagulating  the  albumen ; and,  by  keeping  the  matter 
excluded  from  air  or  oxygen,  it  may  be  preserved 
without  undergoing  putrefaction.  It  is  well  known 
that  nitrogenous  substances,  which  are  otherwise  very 
readily  decomposed  into  products  of  putrefaction,  may 
be  retained  for  a considerable  period  in  a wholesome 
state,  by  expelling  air,  and  keeping  them  afterwards 
in  exhausted  receivers.  Cold  effects  the  same  thing, 
notwithstanding  that  the  contact  of  the  air  is  permitted ; 
but  then  the  main  condition  which  induces  the  chemical 
combination  of  the  elements  of  the  body  with  the  oxygen 
— namely,  an  elevated  temperature — is  wanting.  By 
abstracting  the  ah  contained  in  the  wort,  and  guarding 
against  its  reabsorption  by  keeping  the  liquor  hi  ex- 
hausted vessels,  it  may  be  preserved  dming  any  length 
of  time  without  giving  rise  to  acid  products,  or  by 
retaining  it  at  a low  degree  of  cold,  its  purity  is  not 
affected;  but,  upon  the  application  of  a heat  ranging 
from  70°  to  90°,  with  exposm-e  to  the  influence  of  the 
air,  the  oxidation  of  the  compoimds  present  follows, 
and  finally  acetic  acid,  with  the  products  usually 
formed  in  putrefying  bodies,  results. 

Were  there  only  saccharine  matter  present,  the 
liquor  might  be  preserved  a length  of  time  at  any 
temperature,  without  danger  from  the  acidity  to  which 
worts  are  so  subject;  but  the  proneness  of  the  nitro- 
genous impmities  to  eremacausis,  opens  the  way  for 
the  mucilage  and  sugar  to  pass  partly  into  the  lactic, 
and  partly  into  the  vinous  fermentation,  and  then,  by 
a fm’ther  state  of  chemical  decomposition,  into  acetic 
acid,  and,  it  is  needless  to  say,  the  whole  materials  are 
spoiled. 

Thus  far,  in  reference  to  the  keeping  of  the  worts, 
and  their  protection  from  decomposition,  by  bofling;  its 
immediate  effect  wiU  now  be  taken  into  account. 

Evidently  this  operation  tends  to,  or  has  for  its 
object,  the  removal  of  albumen  and  any  other  matters 
which,  if  permitted  to  remain  in  the  wort,  would  1 1 
readily  absorb  oxygen  on  being  left  in  contact  with  the 
air,  and  cause  the  chemical  changes  which  brewers 
have  so  much  reason  to  apprehend  ; but,  in  effecting 
tliis  prupose,  it  is  argued  that,  besides  a valuable  por- 
tion of  the  saccharum  being  abstracted,  the  essential  oil 
of  the  malt  is  almost  entirely  volatilized,  in  conse- 
quence of  the  long  boihng  at  the  high  temperature  at 
which  this  is  done.  That  portions  of  the  sugar  are 
removed,  or  rendered  unavailable  to  some  extent,  can- 
not be  doubted;  for  it  is  well  known  that  when  vegetal 
extracts,  and  most  organic  compounds,  some  of  which 
are  as  permanent  in  their  nature  as  sugar,  are  boiled 
for  a long  time,  a gelatinous  substance,  similar  in  char- 
acter to  woody  fibre,  forms  in  the  solution  at  the  ex- 
pense of  a portion  of  the  compound,  which  must  have 
suffered  decomposition.  Such  is  the  case  in  the  open 
copper  of  the  brewer,  especially  when  the  air  is  not 
excluded;  but  as  to  the  oil  inherent  in  the  malt  being 
dissipated,  tliis  is  a new  and  gratuitous  supposition 
wliich  has  no  foundation ; for  the  oil  of  the  grain  in  its 
natural  state  is  not  expoUed  at  a temperature  of  212°, 
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being  enveloped  by  the  substance,  and  it  is  well  known 
that  the  volatile  oil,  which  causes  so  much  incon- 
venience to  the  distiller  in  vitiating  the  quahty  of  his 
spirit  towards  the  end  of  distillation,  is  generated  dur- 
ing fermentation,  as  wiU  be  explained  afterwards. 

From  what  has  been  said,  it  is  evident,  as  the  cor- 
rect conclusion  to  be  drawn,  that  were  it  not  for  the 
purpose  of  removing  the  nitrogenous  matters,  the  bod- 
ing of  the  worts  might  be  dispensed  with.  It  has 
been  urged  that  distillers  do  not  bod  their  worts,  and 
yet  the  attenuation  in  the  succeeding  fermentation 
becomes  most  complete.  This  must  be  granted;  but 
it  shoidd  be  borne  in  mind  that  they  immediately  re- 
move the  spirit  from  the  gross  nitrogenous  products  by 
distdlation,  lest  the  latter,  if  ^permitted  to  remain  with 
it,  should  change  it  into  acetic  acid,  by  regular  and 
wed-defined  laws,  which  have  been  already  discussed 
at  page  4 et  seq.  It  is  true,  also,  that  the  generation 
of  alcohol  in  the  liquor  during  fermentation,  and  the 
protracted  way  in  which  this  is  carried  out  in  some 
varieties  of  ale  breweries,  would,  in  the  first  instance, 
cause  the  precipitation  of  the  albumen  and  mucilage; 
but  portions  of  the  gluten  might  stdl  remain,  and 
though  its  quantity  might  be  apparently  insignificant, 
yet,  under  the  various  effects  of  temperature  and  other 
causes,  it  would  prove  destructive,  if  not  removed 
either  during  the  fermentation,  in  the  shape  of  yeast ; 
or  before  fermentation,  by  boding;  or  altogether  ex- 
cluded by  a better  system  of  mashing.  In  the  latter 
instances,  however,  it  could  not  be  expected  that  the 
gluten  would  be  displaced;  and  as  the  boiling  does  not 
whody  separate  it,  the  chief  effect  is  to  be  sought  in 
the  fermentation;  but  the  hurried  manner  in  which  this 
is  usually  performed  in  this  country,  is  not  at  all  con- 
sonant with  the  theoretical  principles  which  might  be 
adduced  by  the  chemist  as  calculated  to  guarantee 
success. 

It  is  evident,  however,  that  the  boding  of  the  worts 
liberates  some,  though  not  the  whole,  of  tins  albumi- 
nous body  as  is  supposed;  for  the  formation  of  yeast 
afterwards  in  the  fermenting  tun,  is  owing  to  the 
nitrogenous  matters  entering  into  combination  with 
oxygen,  derived  either  from  the  water  or  sugar  of  the 
liquid.  Now,  if  the  boiling  were  wholly  discarded,  it  is 
a question  whether  the  excess  of  these  substances 
would  not  prove  destructive  to  the  beverage,  espe- 
ciady  if  retained  for  any  length  of  time,  or  exported  to 
warm  climates,  as,  from  their  complexity  of  composi- 
tion, the  affinity  which  unites  the  elements  together 
cannot  be  so  powerful  as  to  coimteract  their  tendency 
to  pass  into  simpler  and  more  permanent  bodies. 

The  latest  analyses  of  albumen  lead  to  the  empuical 
formula,  N^j  Hjgg  O^g,  besides  earthy  and  alka- 
line phosphates,  without  which  it  cannot  exist;  but 
how  these  are  arranged  is  unknown. 

Putrefying  albumen  yields,  among  other  products, 
sulphide  of  hydrogen  and  sulphide  of  ammonium. 

When  oxidized  by  sulphuric  acid  and  peroxide  of 
manganese,  or  bichromate  of  potassa,  it  yields  oil  of 
bitter  almonds,  benzoic  acid,  various  aldehydes,  hydro- 
cyanic acid,  cyanide  of  methyl,  et  cetera,  besides  other 
products  not  yet  investigated,  by  the  study  of  which 
its  very  complex  construction  wiU  be  unravelled. 
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It  is  well  known  among  brewers,  if  not  in  theory  at 
least  in  effect,  that  beers  retaining  much  nitrogenous 
substances,  however  richly  they  may  be  hopped  and 
otherwise  carefully  prepared,  cannot  be  preserved  in 
warm  chmates ; neither  wiU  they  retain  their  quahties 
at  home  when,  on  tapping,  the  air  gets  access  to  them, 
unless  the  temperature  of  the  atmosphere  be  about  45° 
Fahr.  or  lower ; for  as  soon  as  the  air  is  admitted,  if 
the  temperature  is  above  60°  or  70°,  the  oxidation  of 
the  gluten  commences,  and  the  heat  rises  in  conse- 
quence; the  commotion  produced  causes  the  forma- 
tion of  a further  quantity  of  alcohol  from  the  sugar,  and 
changes  the  alcohol  already  formed  into  acetic  acid. 

Were  the  fermentation  of  the  worts  carried  on  at  a 
low  temperature,  as  in  Bavaria,  then  the  excess  of  the 
albuminous  and  other  analogous  bodies  might  be  al- 
lowed to  remain,  without  the  least  mconvenience  in  the 
way  of  causing  putrefaction,  so  as  to  terminate  in  aceti- 
fication,  and  there  would  be  no  need  of  removing  any 
portion  of  them  by  the  preparatory  operation  of  boiling. 

Many  brewers  allege  that  their  only  reason  for  boil- 
ing is  the  extraction  of  the  lupulin  of  the  hop,  and  to 
effect  this  the  ebuUition  is  continued  at  no  small  ex- 
pense and  trouble  for  a considerable  period ; but  this 
view  is  not  entitled  to  much  credit,  assuming  the  truth  of 
the  preceding  remarks  on  the  subject.  Others,  on  the 
contrary,  denounce  boiling  as  being,  next  to  acetic  acid, 
the  bane  of  the  brewery;  but  reason  affirms,  and  time 
and  experience  attest,  that  there  is  a mean  which 
affords  security  from  the  bad  effects  of  either  extreme. 

Albumen  is  insoluble  in  water  at  a temperature  ap- 
proaching ebullition,  and  the  expansion  of  the  air  caused 
by  the  imbibition  of  the  heat  dissipates  it  as  soon  as 
it  reaches  212°  Fahr. ; the  further  continuation  of  the 
heat  after  this  point  is  gained,  must  evidently  have 
in  view  the  agglutination  of  the  finely-divided  insolu  - 
ble particles  already  precipitated;  but  to  prolong  it 
more  than  fifteen  minutes  seems  tmreasonable,  and  is 
certainly  prejudicial,  inasmuch  as  portions  of  the  sac- 
charine matter  will  be  decomposed,  as  before  stated. 
The  criterion  which  appears  to  regulate  the  time  of  the 
boiling  in  breweries,  is  the  formation  of  a mass  of  insol- 
uble or  precipitated  matter;  but  the  great  object  should 
be  the  coagulation  of  the  particles,  and  their  falling  to  the 
bottom  in  the  copper  should  not  be  so  much  regarded, 
for,  during  the  fermentation,  whilst  the  yet  soluble  por- 
tion of  gluten  is  becoming  insoluble  in  the  form  of 
yeast,  these  wiU  be  carried  away  mechanically  in  the 
eviscerated  matter,  or  deposited  during  the  cleansing, 
without  proving  injurious  to  the  liquor. 

From  these  considerations  it  follows,  that  the  worts 
should  not  be  subjected  to  a protracted  ebullition, 
^vith  the  view  of  removing  the  albuminous  ingredient, 
it  being  sufficient  merely  to  render  it  insoluble  in  the 
menstruum ; and  whether  it  remains  in  the  copper,  is 
retained  in  the  hop-back,  or  passes  along  to  the  fer- 
menting tun,  to  be  there  finally  and  entirely  removed 
with  the  barm,  is  a matter  of  no  very  great  moment, 
since  it  is  deprived  of  the  possibility  of  decomposing 
by  oxidation  within  tliis  period. 

These  observations  refer  solely  to  the  action  of 
boiling  on  the  wort  singly,  and  now  the  effect  of  boiUng 
on  the  hop  will  be  considered. 
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It  will  be  observed,  from  the  notice  already  taken  of 
the  hop,  that  its  efBcacy  as  to  flavor  and  bitterness  de- 
pends upon  the  volatile  aromatic  oil  which  it  contains, 
and  the  resin  which  is  abstracted;  it  likewise  com- 
municates astringency,  in  consequence  of  the  tannic 
acid,  or  tannin  which  it  yields.  The  gum  and  other 
matters  removed  from  the  flowers  by  water  are  of  no 
very  great  Interest.  Essential  oils  in  general  are  dissi- 
pated by  a temperature  of  212°,  notwithstanding  that 
their  boiling  point  is  considerably  above  this  standard. 
If  hops  be  macerated  with  water  and  subjected  to  dis- 
tillation, the  whole,  or  chief  portion,  of  the  oil  wiU  very 
readily  pass  over  into  the  receiver,  leaving  the  solution 
in  the  retort  almost  entirely  destitute  of  aroma,  but 
retaining  the  bitterness  and  astringency  in  a very 
marked  degree.  This  is  well  Imown  to  brewers  gene- 
rally ; and  those  who  show  some  regard  to  facts,  curtail 
in  practice  the  time  of  boiling,  or  make  such  deviations 
from  the  old-established  routine,  as  seem  to  them  best 
adapted  for  the  retention  of  the  aroma.  It  was  with 
this  view  that  the  close  boiler  was  introduced,  and  that 
a reservoir  or  tank,  through  which  the  steam  from  the 
wort  was  conveyed,  was  subsequently  placed  in  con- 
nection with  it,  for  the  avowed  purpose  of  catching  the 
oil  of  the  hop  in  its  flight,  and  using  the  water  thus 
impregnated  in  the  succeeding  brewings ; yet  the  in- 
efficiency of  this  arrangement  might  have  been  readily 
understood,  by  simply  consulting  a chemical  manual,  or 
any  one  conversant  with  such  matters ; for  the  boiling 
to  which  such  worts  were  submitted,  acted -in  direct 
opposition  to  the  object  of  retaining  the  volatile  oil. 

Were  the  condition  or  valuable  portion  of  the  hop 
extracted  in  such  a way  as  to  retain  the  volatile  aro- 
matic oil,  there  is  no  doubt  the  beer  would  be  greatly 
improved  in  quality.  Tizard  has  made  an  effort  in 
this  direction,  by  introducing  his  hop-converter,  as  it 
is  termed;  by  the  use  of  which,  he  says,  the  most 
agreeable  constituents  are  abstracted  for  the  better 
kinds  of  ale,  and,  if  it  be  deemed  necessary,  the  coarser 
portions  may  be  used  up  in  the  inferior  products.  His 
method  of  doing  this  is  by  converting  the  lower  part 
of  the  under-back  into  a hop-back,  by  inserting  a per- 
forated floor  above  the  true  bottom  of  the  mash-tun. 
Upon  the  solid  bottom  of  this  new  hop-back,  or  above 
it,  but  beneath  the  perforated  plates,  coils  of  tubing 
are  laid,  through  which  steam  from  an  adjacent  boiler 
is  forced,  and  for  facility  of  management  there  should 
be  a steam-cock,  flxed  in  the  entrance  pipe  to  regulate 
the  flow  of  vapor.  The  hops,  after  being  thoroughly 
broken  up,  are  laid  evenly  upon  the  perforated  floor  of 
the  hop-converter,  four  hours  before  setting  the  tap, 
and  as  much  hot  water  poured  upon  them  from  the 
heated  hquor-back  as  will  effect  their  saturation  com- 
pletely ; they  are  then  left  to  digest  for  one  hour,  after 
which  the  steam  is  passed  through  the  convoluted  pipe 
till  the  mixture  has  attained  a temperature  of  200° 
Eahr.,  retaining  it  at  this  point  for  the  remainder  of 
the  time,  till  the  setting  of  the  tap.  The  steam  is 
then  turned  off,  and  the  wort  let  in  upon  the  hops  to 
the  depth  of  six  inches,  when  the  pump  is  worked, 
and  the  goods  discharged  upon  the  coolers,  taking  the 
precaution  to  preserve  the  depth  of  six  inches  of 
liquor  upon  the  hops  during  the  time  of  racking  and 
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sparging.  In  this  way,  the  patentee  asserts,  the  value 
of  the  hop  is  retained;  for  the  temperature  during  the 
digestion  being  12°  below  the  boiling  point,  very  little 
vapor  is  expelled;  but  as  it  serves  to  withdraw  the  whole 
of  the  valuable  constituents,  and  the  worts  are  in  con- 
tact with  the  hops  during  the  exhaustion  of  the  grist 
with  the  hot  liquor — aU  the  taps  being  open — the 
whole  of  their  extract  and  essence  is  carried  off  in  the 
goods. 

In  operating  thus,  it  will  be  observed  that  Tizard 
discards  boiling  the  worts,  but  this  is  in  some  measure 
compensated  by  raising  the  heat  of  the  mash  towards  the 
time  of  drawing  off  the  wort  to  a temperature  of  200° 
or  upwards,  by  means  of  his  attemperator,  for  the  pur- 
pose of  coagulating  the  albumen,  and  maintaining  this 
degree  for  twenty  minutes,  or  half  an  hour,  as  may  seem 
best.  Were  the  whole  of  the  starch  already  converted 
into  sugar,  there  is  little  doubt  but  that  a method  of 
steam  boiling  would  be  most  suitable  and  economical ; 
and  as  to  the  means  of  hopping,  could  the  whole  of  the 
lupulin  be  extracted  by  it,  the  operation  would  be 
decidedly  preferable  to  the  system  of  boiling  under 
high  pressure  for  one,  two,  or  more  hours,  now  almost 
universally  followed.  Steam  boiling  also  supplants  the 
several  costly  requisites  which  enter  into  the  brewer’s 
stock  of  apparatus  and  material,  and  thus  effects  a 
saving  in  the  plant,  while  the  work  performed  will,  by 
proper  management,  be  as  effectual,  and  more  satis- 
factory, than  when  accomplished  by  the  various  cop- 
pers and  furnaces. 

Other  contrivances  have  of  late  been  resorted  to  for 
dispensing  with  boiling  tlie  worts  and  hops  together,  to 
obviate  the  danger  of  losing  the  aromatic  constituents. 
Among  these,  the  patent  of  Newton,  of  London,  may 
be  instanced ; this  gentleman  prepares  the  extract  from 
the  hops,  and  then  disposes  of  it  to  the  brewer. 

The  same  method  has  been  followed  for  some  time 
in  France  and  some  parts  of  the  Continent,  but  the 
brewers  in  the  United  Kingdom  do  not  appear  to 
appreciate  it.  Newton’s  mode  of  preparing  the  ex- 
tract is  as  follows : — After  having  dried  the  hops  at  a 
low  heat  till  they  become  so  brittle  as  to  be  easily  pul- 
verized, the  powder  is  passed  through  a coarse  sieve 
for  the  purpose  of  retaining  any  stalks  or  pieces  of 
wood  which  might  be  accidentally  present ; it  is  then 
put  into  a close  vessel,  and  strong  spirit  of  wine  or 
alcohol  poured  over  it  till  the  whole  becomes  charged ; 
this  mixture  is  allowed  to  repose  for  twenty-foru  hours, 
after  which  the  alcohohe  tincture  is  drawn  off  into  an 
appropriate  receiver,  and  the  residual  powder  washed 
as  long  as  any  extract  is  obtained. 

The  next  course  is  to  distil  off  the  alcohol,  by  which 
means  the  oil  and  resinous  body  are  left,  mixed  with  a 
little  water,  which  is  also  dispersed,  first  on  the  sand- 
bath,  and  finally  on  the  water-bath.  The  aquepus 
washings  of  the  powdered  leaves,  which  contain  almost 
the  whole  of  the  resin,  are  also  evaporated  till  the 
water  is  expelled ; and  when  this  is  accomplished,  and 
while  the  resmous  matter  is  still  warm,  the  oUy  body 
procured  from  the  alcoholic  tincture  is  added,  and 
intimately  mixed  with  it.  Such  is  the  humulin  of  the 
patent  processes,  one  pound  of  which  is  said  to  be  as 
efficacious  as  three  pounds  of  flowers.  By  adopting 
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any  of  these  methods,  the  waste  of  wort  occasioned 
by  the  absorption  of  the  hops  would  be  avoided,  and 
the  products  would  in  every  respect  he  superior  to 
what  can  he  produced  by  boiling  hops  and  wort  to- 
gether. The  humulin  could  be  added  to  the  worts 
either  after  they  are  boiled — whether  by  steam  or  fur- 
nace heat,  but  previous  to  their  being  run  on  to  the 
cooling  or  refrigerating  backs — or  before  fermentation, 
as  the  case  may  be. 

The  brewer  may  suspect  that  the  introduction  of 
humulin  is,  like  many  other  modern  innovations,  a 
mere  deception,  not  designed  for  his  advantage,  but 
solely  for  the  good  of  the  parties  who  have  an  imme- 
diate interest  in  recommending  it.  He  ought  not, 
however,  to  be  blinded  to  his  own  interest  by  such 
suspicions,  especially  if  the  benefit  attributed  to  any 
suggested  improvement  is  easily  tested ; but  if  it  ap- 
pears to  be  a plausible  process,  and  not  inconsistent 
with  the  testimony  of  scientific  men,  he  should  give 
it  a fair  trial,  not  pronouncing  condemnation  upon  it 
before  he  has  allowed  himself  an  opportimity  of  form- 
ing a judgment  on  its  merits. 

Some  well-informed  men  in  the  trade  are  of  opinion, 
that  without  a continuous  system  of  boiling  the  con- 
stituents of  the  hops  cannot  be  entirely  extracted. 
Were  this  really  the  case,  the  practice  of  boiling  might 
be  modified,  and  the  present  boiler — to  which  refer- 
ence win  be  immediately  made — converted  into  a 
digester,  wherein  the  worts  and  hops  might  be  heated 
to  any  desired  point  by  means  of  high-pressure  steam, 
and  maintained  at  any  eligible  degree,  for  one,  two,  or 
more  hours,  till  the  extractive  matter  of  the  hop  would 
be  obtained,  without  permitting  any  of  the  steam  or 
aroma  of  the  flowers  to  escape.  The  boilers  or 
digesters  should,  of  course,  have  sufficient  strength  to 
resist  any  pressure  to  which  they  are  exposed,  and  be 
furnished  with  the  necessary  appendages  for  ascer- 
taining the  pressure,  and  for  introducing  and  with- 
drawing the  materials  when  required. 

Such  an  arrangement  is  submitted  as  one  of  the 
many  things  which  are  deserving  of  trial  by  the  en- 
terprising brewer,  and  the  Editor  doubts  not  but  that 
it  would  be  productive  of  many  advantages. 

As  yet,  however,  the  brewers  adhere  to  the  boiling 
system;  and  as  great  revolutions  in  art  and  science 
cannot  be  expected  to  take  place  instantaneously,  it 
may  not  be  out  of  place  to  examine  and  discuss  the 
system  as  generally  carried  out. 

Before  describing  the  several  methods,  the  principal 
object  in  the  boiling  department  will  first  be  explained. 

Figs.  161  and  162  represent  the  copper  usually 
erected  in  breweries;  the  former  being  an  elevated 
section,  and  the  latter  a ground  plan,  of  the  fire  and 
flue.  In  fig.  161,  A is  the  boiler  or  copper,  hermeti- 
cally sealed  at  the  top,  and  convex  at  the  bottom. 
Updh  the  top  of  this  boiler  is  mounted  a pan,  B,  in 
which  water  is  heated  by  the  caloric  communicated  to 
it  during  the  boiling  of  the  wort.  A wide  tube,  c, 
rises  from  the  uppermost  part  of  the  boiler,  by  which 
the  steam,  generated  during  the  ebullition  of  the 
liquor,  ascends,  and  is  forced  out  by  four  tubes,  two  of 
which  are  seen  at  d d,  into  the  liquor  in  the  pan,  B ; 
the  excess  of  vapor  being  earned  off  by  the  pipe,  l. 


into  the  chimney.  M.  An  iron  shaft,  E,  passes  down 
through  a staffing-box  in  the  pipe,  c,  to  the  bottom  of 
the  vessel ; at  the  lower  end  it  is  fm'nished  with  cross 
arms,  from  which  chains  are  suspended,  so  as  to  sweep 
round  the  vessel.  This  mechanism  is  called  the 
rouser,  and  its  object  is  to  prevent  the  matter  which 
separates  during  the  boiling  from  adhering  to  the  metal 
and  getting  charred.  It  is  worked  by  a cogged  wheel 
on  the  axis  of  the  winch,  h,  gearing  into  the  wheel,  G ; 
and  in  order  to  remove  the  weight  of  the  shaft  off  the 
wheel,  it  is  partly  supported  at  the  bottom  by  a collar 
of  metal  borne  by  three  stays,  F F.  It  may  be  lilted 
by  a chain,  i,  attached  to  its  upper  end,  and,  passing 
over  the  pulleys,  is  wormd  round  the  roller,  K. 


Fig.  162.  Fig.  161. 


This  vessel,  when  unusually  large,  is  heated  by  two 
fires,  separated  by  a wall,  n — Fig.  162;  oo  are  the 
grates  whereon  the  fire  rests,  and  these  are  supplied, 
not  through  folding  doors  as  formerly,  but  by  short 
slanting  ii'on  hoppers — seen  in  Fig.  161 — which  are 
kept  constantly  full  of  coals.  Above  these  hoppers 
a narrow  aperture  is  formed  for  the  admission  of  air, 
in  such  proportion  as  is  sufficient  to  cause  the  com- 
plete combustion  of  the  smoke.  A bridge,  R,  at  the 
back  of  each  fire  directs  the  flame  upwards,  so  as  to 
act  upon  the  bottom  of  the  copper,  after  which  the 
heated  vapors  are  conducted  in  semicircular  flues,  s s, 
round  its  sides,  and  finally  it  enters  the  chimney,  m, 
on  the  lower  part  of  which  a sliding  damper  plate,  t, 
is  placed  for  tempering  the  draught.  When  cold  air 
is  admitted  at  this  orifice,  the  combustion  of  the  fuel 
is  immediately  checked.  Besides  this,  there  is  another 
slide  plate  at  the  entrance  of  the  slanting  flue  into  the 
chimney,  for  regulating  the  play  of  the  flame  under 
and  round  the  boiler.  If  the  plate,  t,  be  opened,  and 
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the  other  one  shut,  the  power  of  the  fire  is  suspended. 
There  is  an  arch  of  brickwork,  u,  over  the  fire,  to 
protect  the  front  edge  of  the  copper  from  the  direct 
action  of  the  flame,  v V are  the  pillars  on  which  the 
chimney  is  supported,  and  w is  the  opening  through 
which  the  cinders  and  ashes  are  drawn  away. 

Sometimes,  instead  of  the  steam  having  free  access 
through  the  pipes,  d d,  there  is  a weighted  metallic 
valve,  opening  outward,  and  so  contrived,  that  when 
the  substance  in  the  interior  reaches  212°,  no  steam 
is  permitted  to  escape,  and  therefore  it  accumulates  till 
its  pressure  becomes  too  powerful  to  he  restrained  by 
the  weight  of  the  valve.  It  then  escapes,  and  the  few 
degrees  of  extra  heat  which  had  combined  with  the 
liquid  during  the  formation  of  this  pressure-steam,  is 
carried  off  in  that  which  passes  away,  and  the  heat  of 
the  remainder  immediately  fails  to  212°,  when  the  valve 
closes  the  orifice  tightly,  till  there  is  a fuiiher  quantity 
formed  which  forces  it  open  as  before.  In  this  manner 
the  boiling  is  continued  during  the  allotted  time ; but, 
instead  of  permitting  the  escape  of  the  steam,  it  is 
conducted  into  water,  as  in  the  preceding  figure,  as 
well  for  heating  the  liquor  as  for  retaining  any  part 
of  the  aroma  which  is  carried  away  by  the  vapor;  this 
water  is  employed  in  subsequent  mashings. 

The  criterion  by  which  practical  brewers  judge  of 
the  completion  of  the  work,  is  the  IreaJcing,  or  the 
formation  of  numerous  flocks  of  coagulated  matter; 
still,  with  the  intent  of  increasing  the  preservative 
principle  of  the  hop,  the  boiling  is  continued  con- 
siderably after  the  above  characteristic  makes  its  ap- 
pearance. 

The  following  will  give  an  idea  of  the  courses  pur- 
sued by  various  persons  and  on  different  occasions : — 

1st,  Ordinary  ales,  when  the  grist  is  exhausted  in 
two  or  three  mashings,  are  boiled  thus — 

First  wort, 1 hour. 

Second  do., 2 hours. 

2d,  When  there  are  three  worts,  the  boiling  is  for  the 

First  wort, 1 hour. 

Second  do.; IJ  hour. 

Third  do., 2 hours. 

In  these  cases,  the  first  extract  is  boiled  forty  minutes 
before  the  hops  are  added,  and  fifteen  minutes  after; 
the  gyle  is  then  racked  off,  and  the  second  worts  are 
pumped  into  the  copper,  and  treated  as  specified  above. 
When  the  ale  is  to  be  stored,  the  practice  is  to 
add  the  hops  and  continue  the  ebullition  till  the 
coagulated  matter  agglutinates  and  falls  to  the  bot- 
tom, after  which  the  whole  contents  of  the  boiler 
are  discharged  to  the  store  cask,  which,  when  full, 
is  tightly  bunged,  and  then  permitted  to  remain  tOl 
the  fermentation  and  depuration  are  spontaneously 
finished.  Considerable  time  is  required  in  this  in- 
stance, often  extending  to  twelve,  eighteen,  and  even 
twenty-four  months.  Instead  of  putting  the  hops 
into  the  boiler  with  the  wort,  some  persons  pick  or  rub 
them  between  the  hands,  and  when  they  are  com- 
pletely loosened,  strew  them  on  the  bottom  of  the  store 
cask,  and  run  in  the  hot  wort  upon  them  after  three- 
quarters  of  an  hour’s  boil ; when  the  cask  is  full  it  is 
bimged,  as  in  the  foregoing  instance,  and,  if  considered 
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necessary,  a safety-valve  is  appended.  The  fermenta- 
tion and  cleansing  take  place  as  in  the  preceding 
case.  Where  the  object  is  to  procure  a highly- 
flavored  aromatic  ale,  this  practice  is  no  doubt  suc- 
cessful, especially  when  the  hops  are  used  in  larger 
quantities  than  in  ordinary  cases;  but  in  a commercial 
establishment  the  plan  is  now  never  adopted,  though 
at  one  time  it  was  much  followed.  Another  custom  is 
to  macerate  about  a fourth  of  the  hops  with  the  worts, 
and  boil,  the  remainder  being  reserved  in  the  tun  to  be 
digested  with  the  goods  during  the  time  allotted  for 
the  slow  progressive  fermentation,  et  cetera. 

The  trading  brewers,  in  numerous  cases,  vary  their 
operations,  apparently  with  little  advantage;  but  the 
following  seems  to  be  the  usual  routine : — ^Whilst  the 
wort  is  being  pumped  into  the  copper,  the  hops  are 
weighed  out,  according  to  the  allowance  per  quarter, 
picked,  and  thrown  on  the  surface  of  the  liquor,  when 
the  boiling  is  performed  in  the  open  pan;  but  macer- 
ated with  it  when  the  closed  copper  is  used.  The 
layer  of  hops  excludes  contact  with  the  air  to  some 
extent  till  the  wort  rises  to  ebullition,  and  thus  any 
injury  which  might  arise  by  spontaneous  decomposi- 
tion, till  the  temperature  of  the  liquor  reaches  to  212°,  is 
avoided.  For  some  time  the  steam  is  allowed  to  per- 
meate the  hops  to  open  their  pores,  for  the  abstraction 
of  their  bitter  and  other  constituents,  before  they  are 
beaten  into  the  wort,  and  the  boiling  continued  till  the 
formation  of  the  flocks,  or  for  a specified  time,  say  one, 
two,  or,  in  case  of  stock  ales  which  are  exported,  for 
three  hours.  In  addition  to  the  albumen  which  would 
separate  from  the  worts  by  mere  boiling,  the  tannin  of 
the  hop  unites  with  a further  quantity  and  precipitates 
it,  leaving  the  menstruum  comparatively  purer,  and 
impregnated  with  the  preservative  bitter  of  the  flower. 

The  quantity  of  hops  added  to  the  wort  is  depen- 
dent upon  the  quality  of  the  product  and  the  strength 
of  the  worts,  and  also  upon  the  length  of  time  they  are 
to  be  retained,  or  the  climate  they  have  to  endure. 
The  quality  of  the  flowers  has  also  an  influence  upon  the 
proportion  required  to  communicate  the  requisite  pro- 
perties to  the  liquor.  For  this  reason  the  ales  prepared 
for  the  export  trade,  such  as  East  India  pale  ales,  et 
cetera,  are  always  more  richly  hopped  than  those  used 
for  home  consumption,  though  of  late  years  the  pre- 
ceding class  has  been  consumed  at  home  in  consider- 
able quantities,  owing  to  its  superiority.  The  allow- 
ance of  hops  per  quarter  of  malt  will  be  found  in  the 
annexed  table  from  Levesque  ; it  extends  from  one- 
eighth  of  a pound  to  fourteen  pounds  per  quarter.  Some 
of  the  finest  ales  made  to  keep  good  in  hot  climates 
have  a larger  quantity  of  hops  added  to  them  than 
is  here  mentioned,  amounting  sometimes  to  eighteen 
or  twenty-two  pounds  per  quarter  of  malt,  whereas 
the  proportion  allotted  to  the  common  variety  is  not 
more  than  from  six  to  eight  pounds,  and  very  rarely 
ten  poimds.  It  is  very  common  to  add  only  fom 
pounds  of  hops  per  quarter  to  the  wort,  especially 
when  it  is  of  an  inferior  kind ; as,  however,  the  hrewer 
is  to  be  guided  by  his  own  taste  in  the  production  of 
a bitter  or  a mild  article,  the  quantities  laid  down  in 
the  table  are  the  only  convenient  advantage  which 
can  be  here  afforded  him : — 
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Table  showing  the  quantity  of  hops  per  quarter  of  malt  of  any  gravity  from  70  to  105  pounds,  at  the 

ratio  of  J to  14  pounds  per  quarter. 

Gravity. 

i 

i 

i 

I 

1 

n 

li 

n 

2 

2i 

2i 

2f 

70 

0-1250 

0-2500 

0-5000 

0-7500 

1-0000 

1-2500 

1 -5000 

1-7500 

2-0000 

2-2500 

2-5000 

2-7500 

71 

0-1267 

0-2535 

0-5070 

0-7607 

1-0142 

1-2678 

1-5214 

1-7750 

2-0285 

2-2821 

2-5864 

2-7892 

72 

0-1284 

0-2670 

0-5140 

0-7714 

1-0284 

1-2856 

1-5428 

1-8000 

2-0570 

2-3142 

2-6228 

2-8284 

73 

0-1301 

0-2605 

0-5210 

0-7821 

1-0426 

1-3034 

1-5642 

1-8250 

2-0855 

2-3463 

2-6592 

2-8676 

74 

0-1318 

0-2640 

0-5280 

0-7928 

1-0568 

1-3212 

1-5856 

1-8500 

2-1140 

2-3784 

2-6956 

2-9068 

75 

0-1335 

0-2675 

0-5350 

0-8035 

1-0710 

1-3390 

1-6070 

1-8750 

2-1425 

2-4105 

2-7320 

2-9460 

76 

0-1352 

0-2710 

0-5420 

0-8142 

1-0852 

1-3568 

1-6284 

1-9000 

2-1710 

2-4426 

2-7684 

2-9852 

77 

0-1369 

0-2745 

0-5490 

0-8249 

1-0994 

1-3746 

1-6498 

1-9250 

2-1995 

2-4747 

2-8048 

3-0244 

78 

0-1386 

0-2780  , 

0-5560 

0-8356 

1-1136 

1-3924 

1-6712 

1-9500 

2-2280 

2-5068 

2-8412 

3-0636 

79 

0-1403 

0-2815 

0-5630 

0-8463 

1-1278 

1-4102 

1-6920 

1-9750 

2-2565 

2-5389 

2-8776 

3-1028 

80 

0-1420 

0-2850 

0-5700 

0-8570 

1-1420 

1-4280 

1-7140 

2-0000 

2-2850 

2-5710 

2-9140 

3-1420 

81 

0-1437 

0-2885 

0-5770 

0-8677 

1-1562 

1-4458 

1-7354 

2-0250 

2-3135 

2-6031 

2-9504 

3-1812 

82 

0-1454 

0-2920 

0-5840 

0-8784 

1-1704 

1-4636 

1-7568 

2-0500 

2-3420 

2 6352 

2-9868 

3-2204 

83 

0-1471 

0-2955  ; 

0-5910 

0-8891 

1-1846 

1-4814 

1-7782 

2-0750 

2-3705 

2-6673 

3-0232 

3 2596 

84 

0-1488 

0-2990  ! 

0-5980 

0-8998 

1-1988 

1-5092 

1-7996 

2-1000 

2-3990 

2-6994 

3-0596 

3-2988 

85 

0-1505 

0-3025 

0-6050 

0-9105 

1-2130 

1-5260 

1-8210 

2-1250 

2-4275 

2-7315 

3-0960 

3-3380 

86 

0-1522 

0-3060 

0-6120 

0-9212 

1-2272 

1-5438 

1-8424 

2-1500 

2-4560 

2-7636 

3-1324 

3-3772 

87 

0-1539 

0-3095  , 

0-6190 

0-9319 

1-2414 

1-5616 

1-8638 

2-1750 

2-4845 

2-7957 

3-1688 

3-4164 

88 

0-1556 

0-3130  ' 

0-6-260 

0-9426 

1-2556 

1-5794 

1-8852 

2-2000 

2-5130 

2-8278 

3-2052 

3-4556 

89 

0-1573 

0-3165 

0-6330 

0-9533 

1-2698 

1-5972 

1-9066 

2-2250 

2-5415 

2-8599 

3-2416 

3-4948 

90 

0-1590 

0-3200  . 

0-6400 

0-9640 

1-2840 

1-6050 

1-9280 

2-2500 

2-5700 

2-8920 

3-2780 

3-5340 

91 

0-1607 

0-3235 

0-6470  : 

0-9747 

1-2982 

1-6228 

1-9494 

2-2750 

2-5985 

2-9240 

3-3144 

3-5732 

92 

0-1624 

0.3270 

0-6540 

0-9854 

1-3124 

1-6406 

1-9708 

2-3000 

2-6270 

2-9562 

3-3508 

3-6124 

93 

0-1641 

0-3305 

0-6610 

0-9961 

1-3266 

1-6584 

1-9922 

2-3250 

2-6555 

2-9883 

3-3872 

3-6156 

94 

0-1658 

0-3340 

0-6680 

1-0068 

1-3408 

1-6762 

2-0136 

2-3500 

2-6840 

3-0204 

3-4236 

3-6908 

95 

0-1675 

0-3375 

0-6750 

1-0175 

1-3550 

1-6940 

2-0350 

2-3750 

2-7125 

3-0525 

3-4600 

3-7300 

96 

0-1692 

0-3410 

0-6820 

1-0282 

1-3692 

1-7118 

2-0564 

2-4000 

2-7410 

3-0846 

3-4964 

3-7692 

97 

0-1709 

0-3445 

0-6890 

1-0389 

1-3834 

1-7296 

2-0778 

2-4250 

2-7695 

3-1167 

3-5328 

3-8084 

98 

0-1726 

0-3480 

0-6960 

1-0496 

1-3976 

1-7474 

2-0992 

2-4500 

2-7980 

3-1488 

3-5692 

3-8476 

99 

0-1743 

0-3515 

0-7030 

1-0603 

1-4118 

1-7652 

2-1206 

2-4750 

2-8265 

3-1809 

3-6056 

3-8868 

100 

0-1760 

0-3550 

0-7100 

1-0710 

1-4260 

1-7830 

2-1423 

2-5000 

2-8550 

3-2130 

3-6420 

3-9260 

101 

0-1777 

0-3580 

0-7170 

1-0817 

1-4402 

1-8008 

2--1634 

2-5250 

2-8835 

3-2451 

3-6784 

3-9652 

102 

0-1794 

0-3620 

0-7240 

1-0924 

1-4544 

1-8186 

2-1848 

2-5500 

2-9120 

3-2772 

3-7148 

4-0044 

103 

0-1811 

0-3655 

0-7310 

1-1031 

1-4686 

1-8364 

2-2062 

2-5750 

2-9405 

3-3093 

3-7512 

4-0436 

104 

0-1828 

0-3698 

0-7380 

1-1008 

1-4828 

1-8542 

2-2276 

2-6000 

2-9690 

3-3414 

3-7876 

4-0828 

105 

0-1845 

0-3725 

0-7450 

1-1245 

1-4970 

1-8720 

2-2490 

2-6250 

2-9975 

3-3735 

3-8240 

4-1220 

Table  continued. 

Gravity. 

3 

3i 

3i 

3i 

4 

4i 

4i 

4i 

5 

61 

64 

6i 

70 

3-0000 

3-2500 

3-5000 

3-7500 

4-0000 

4-2500 

4-5000 

4-7500 

5-0000 

5-2500 

5-5000 

5-7500 

71 

3-0428 

3-2984 

3-5500 

3-8035 

4-0571 

4-3107 

4-5642 

4-8178 

5-0714 

5 3250 

5-5785 

5-8321 

72 

3-0856 

3-3428 

3-6000 

3-8570 

4-1142 

4-3714 

4-6284 

4-8856 

5-1428 

5-4000 

5-6570 

5-9142 

73 

3-1284 

3-3892 

3-6500 

3-9705 

4-1713 

4-4321 

4-6926 

4-9534 

5-2142 

5-4750 

5-7355 

5-9963 

74 

3 1712 

3-4356 

3-7000 

,3-9640 

4-2284 

4-4928 

4-7568 

5-0212 

5-2856 

5-5500 

5-8140 

6-0784 

75 

3-2140 

3-4820 

3-7500 

4-0175 

4-2855 

4-5535 

4-8210 

5-0890 

5-3570 

5-6250 

5-8925 

6-1605 

76 

3-2568 

3-5284 

3-8000 

4-0710 

4-3426 

4-6142 

4-8852 

5-1568 

5-4284 

5-7000 

5-9710 

6-2426 

77 

3-2996 

3-5748 

3-8500 

4-1245 

4-3994 

4-6749 

4-9494 

5-2246 

5-4998 

5-7750 

6-0495 

6-3247 

78 

3-3424 

3-6212 

3-9000 

4-1780 

4-4568 

4-7356 

5-0136 

5-2924 

5-5712 

5-8500 

6-1280 

6-4068 

79 

3-3852 

3-6676 

3-9500 

4-2315 

4-5139 

4-7963 

5-0778 

5-3602 

5-6426 

5-9250 

6-2065 

6-4889 

80 

3-4280 

3-7140 

4-0000 

4-2850 

4-5710 

4-8570 

5-1420 

5-4280 

5-7140 

6-0000 

6-2850 

6-5710 

81 

3-4708 

3-7604 

4-0500 

4-3385 

4-6281 

4-9177 

5-2062 

5-4958 

5-7854 

6-0750 

6-3635 

6-6531 

82 

3-5136 

3-8068 

4-1000 

4-3920 

4-6852 

4-9784 

5-2704 

5-5636 

5-8568 

6-1500 

6-4420 

6-7352 

83 

3-5564 

3-8532 

4-1500 

4-4455 

4-7423 

5-0391 

5-3346 

5-6314 

5-9282 

6-2250 

6-5205 

6-8173 

84 

3-5992 

3-8996 

4-2000 

4-4990 

4-7994 

5-0998 

5-3998 

5-6992 

5-9996 

6-3000 

6-5990 

6-8994 

85 

3-6420 

3-9460 

4-2500 

4-5525 

4-8565 

5-1605 

5-4630 

5-7670 

6-0710 

6-3750 

6-6775 

6-9815 

86 

3-6848 

3-9924 

4-3000 

4-6060 

4-9136 

5-2212 

5-5272 

5-8348 

6-1424 

6-4500 

6-7560 

7-0636 

87 

3-7276 

4-0388 

4-3500 

4-6595 

4-9707 

5-2819 

5-5914 

5-9026 

6-2138 

6-5250 

6-8345 

7-1457 

88 

3-7704 

4-0852 

4-4000 

4-7130 

5-0278 

5-3426 

5-6556 

5-9704 

6-2852 

6-GOOO 

6-9130 

7-2278 

89 

3-8132 

4-1316 

4-4500 

4-7665 

5-0849 

5-4033 

5-7198 

6-0382 

6-3566 

6-6750 

6-9915 

7-3099 

90 

3-8560 

4-1780 

4-5000 

4-8200 

5-1420 

5-4640 

5-7840 

6-1060 

6-4280 

6-7500 

7-0700 

7-3920 

91 

3-8988 

4-2244 

4-5500 

4-8735 

5-1991 

5-5247 

5-8482 

6-1738 

6-4994 

6-8250 

7-1485 

7-4741 

92 

3-9416 

4-2708 

4-6000 

4-9270 

5-2562 

5-5854 

5-9124 

6-2416 

6-5708 

6-9000 

7-2270 

7-5562 

93 

3-9844 

4-3172 

4-6500 

4-9805 

5-3133 

5-6461 

5-9766 

6-3094 

6-6422 

6-9750 

7-3055 

7-6383 

94 

4-0272 

4-3636 

4-7000 

5-0340 

5-3704 

5-7068 

6-0408 

6-3772 

6-7136 

7-0500 

7-3840 

7-7204 

95 

4-0700 

4-4100 

4-7500 

5-0875 

5-4275 

5-7675 

6-1050 

6-4450 

6-7850 

7-1250 

7-4625 

7-8025 

96 

4-1128 

4-4564 

4-8000 

5-1410 

5-4846 

5-8282 

6-1692 

6-5128 

6-8564 

7-2000 

7-5410 

7-8846 

97 

4-1556 

4-5028 

4-8500 

5-1945 

5-5417 

5-8889 

6-2334 

6-5806 

6-9278 

7-2750 

7-6195 

7-9667 

98 

4-1984 

4-5492 

4-9000 

5-2480 

5-5988 

5-9496 

6-2976 

6-6484 

6-9992 

7-3500 

7-6980 

8-0488 

99 

4-2412 

4-5956 

4-9500 

5-3015 

5-6559 

6-0103 

6-3618 

6-7162 

7-0706 

7-4250 

7-7765 

8-1309 

100 

4-2840 

4-6420 

5-0000 

5-3550 

5-7130 

6-0710 

6-4260 

6-7840 

7-1420 

7-5000 

7-8550 

8-2130 

101 

4-3268 

4-6884 

5-0500 

5-4085 

5-7701 

6-1317 

6-4902 

6-8518 

7-2134 

7-5750 

7-9335 

8-2951 

102 

4-3696 

4-7348 

5-1000 

5-4620 

5-8272 

6-1924 

6-5544 

6-9196 

7-2848 

7-6500 

8-0120 

8-3772 

103 

4-4124 

4-7812 

5-1500 

5-5155 

5-8843 

6-2531 

6-6186 

6-9874 

7-3562 

7-7250 

8-0905 

8-4593 

104 

4-4552 

4-8276 

5-2000 

5-5690 

5-9414 

6-3138 

6-6828 

7-0552 

7-4276 

7-8000 

8-1690 

8-5414 

105 

4-4980 

4-8740 

5-2500 

5-6225 

5-9985 

6-3745 

6-7470 

7-1230 

7-4990 

7-8750 

8-2475 

8-6235 

BEEE 

-Boiling. 

267 

Table  showing  the  quantity  of  hops  per  quarter  of  malt  of  any  gravity  from  70  to  105  pounds,  at  the 

ratio  of  J to  14  pounds  per  quarter. — Continued. 

Gravity. 

6 

6i 

6i 

6J 

7 

n 

7i 

n 

8 

CO 

70 

6-0000 

6-2500 

6-5000 

6-7500 

7-0000 

7-2500 

7-5000 

7-7500 

8-0000 

8-2500 

8-5000 

71 

6-0857 

6-3392 

6-5928 

6-8464 

7-1000 

7-3535 

7-6071 

7-8607 

8-1142 

8-3678 

8-6214 

72 

6-1714 

6-4284 

6-6856 

6-9428 

7-2000 

7-4570 

7-7142 

7-9714 

8-2284 

8-4856 

8-7428 

73 

6-2571 

6-5176 

6-7784 

7-0392 

7-3000 

7-5605 

7-8213 

8-0821 

8-3426 

8-6034 

8-8642 

74 

6-3428 

6-6068 

6-8712 

7-1356 

7-4000 

7-6640 

7-9284 

8-1928 

8-4568 

8-7212 

8-9850 

75 

6-4285 

6-6960 

6.-9640 

7-2320 

7-5000 

7-7675 

8-0355 

8-3035 

8-5710 

8-8390 

9-1070 

76 

6-5142 

6-7852 

7-0568 

7-3284 

7-6000 

7-8710 

8-1426 

8-4142 

8-6852 

8-9568 

9-2284 

77 

6-5999 

6-8744 

7-1496 

7-4240 

7-7000 

7-9745 

8-2497 

8-5249 

8-7994 

9-0746 

9-3498 

78 

6-6856 

6-9636 

7-2424 

7-5212 

7-8000 

8-0780 

8-3568 

8-6356 

8 9136 

9-1924 

9-4712 

79 

6-7713 

7-0528 

7-3352 

7-6176 

7-9000 

8-1815 

8-4639 

8-7463 

9-0278 

9-3102 

9-5927 

80 

6-8570 

7-1420 

7-4280 

7-7140 

8-0000 

8-2850 

8-5710 

8-8570 

9-1420 

9-4280 

9-7140 

81 

6-9427 

7-2312 

7-6208 

7-8104 

8-1000 

8-3885 

8-6781 

8-9677 

9-2562 

9-5458 

9-8354 

82 

7-0284 

7-3204 

7-6136 

7-9068 

8-2000 

8-4920 

8-7852 

9-0784 

9-3704 

9-6636 

9-9568 

83 

7-1141 

7-4096 

7-7064 

8-0032 

8-3000 

8-5955 

8-8923 

9-1891 

9-4846 

9-7814 

10-0782 

84 

7-1998 

7-4988 

7-7992 

8-0996 

8-4000 

8-6996 

8-9994 

9-2998 

9-5998 

9-8992 

10-1996 

85 

7-2855 

7-5880 

7 8920 

8-1960 

8-5000 

8-8025 

9-1065 

9-4105 

9-7130 

10-0170 

10-3210 

86 

7-3712 

7-6772 

7-9848 

8-2924 

8-6000 

8-9060 

9-2136 

9-5212 

9-8272 

10-1348 

10-4424 

87 

7-4569 

7-7664 

8-0776 

8-3888 

8-7000 

9-0005 

9-3207 

9.6319 

9-9414 

10-2526 

10-5638 

88 

7-5426 

7-8556 

8-1704 

8-4852 

8-8000 

9-1130 

9-4278 

9-7426 

10-0516 

10-3704 

10-6852 

89 

7-6283 

7-9448 

8-2632 

8-5816 

8-9000 

9-2165 

9-5349 

9-8533 

10-1698 

10-4882 

10-8006 

90 

7-7140 

8-0340 

8-3560 

8-6780 

9-0000 

9-3200 

9-6420 

9-9640 

10-2840 

10-6060 

10-9280 

91 

7-7997 

8-1232 

8-4488 

8-7744 

9-1000 

9-4235 

9-7491 

10-0747 

10-3982 

10-7238 

11-0494 

92 

7-8854 

8-2124 

8-5416 

8-8708 

9-2000 

9-5270 

9-8562 

10-1854 

10-5124 

10-8416 

11-1708 

93 

7-9771 

8-3016 

8-6344 

8-9672 

9-3000 

9-6305 

9-9633 

10-2961 

10-6266 

10-9514 

11-2922 

94 

8-0568 

8-3908 

8-7272 

9-0636 

9-4000 

9-7340 

10-0704 

10-4068 

10-7408 

11-0772 

11-4136 

95 

8-1425 

8-4800 

8-8200 

9-1600 

9-5000 

9-8375 

10-1775 

10-5175 

10-8550 

112950 

11-5350 

96 

8-2282 

8-5692 

8-9128 

9-2564 

9-6000 

9-9410 

10-2846 

10-6282 

10-9692 

11-3128 

11-6564 

97 

8-3139 

8-6584 

9-0056 

9-3.528 

9-7000 

10-0445 

10-3917 

10-7389 

11-0834 

11-4306 

11-7778 

98 

8-3996 

8-7476 

9-0984 

9-4492 

9-8000 

10-1480 

10-4988 

10-8496 

11-1976 

11-5484 

11-8992 

99 

8-4853 

8-8368 

9-1912 

9-5456 

9-9000 

10-2515 

10-6059 

10-9603 

11-3118 

11-6662 

12-0206 

100 

8-5710 

8-9260 

9-2840 

9-6420 

10-0000 

10-3550 

10-7130 

11-0710 

11-4260 

11-7840 

12-1420 

101 

8-6567 

9-0152 

9-3768 

9-7384 

10-1000 

10-4585 

10-8201 

11-1817 

11-5402 

11-9018 

12-2634 

102 

8-7424 

9-1044 

9-4696 

9-8348 

10-2000 

10-5620 

10-9272 

11-2924 

11-6544 

12-0196 

12-3848 

103 

8-8281 

9-1936 

9-5624 

9-9312 

10-3000 

10-6655 

11-0343 

11-4031 

11-7686 

12-1374 

12-5062 

104 

8-9138 

9-2828 

9-6552 

10-0276 

10-4000 

10-7690 

11-1414 

11-5138 

11-8828 

12-2552 

12-6267 

105 

8-9995 

9-3720 

9-7480 

10-1240 

10-5000 

10-8725 

11-2485 

11-6245 

11-9970 

12-3730 

12-7490 

Table  continued. 

Gravity. 

8J 

9 

9i 

9i 

9i 

10 

lOi 

lOi 

lOJ 

11 

Hi 

70 

8-7.500 

9-0000 

9-2500 

9-5000 

9-7500 

10-0000 

10-2500 

10-5000 

10-7500 

11-0000 

11-2500 

71 

8-8750 

9-1285 

9-3821 

9-6357 

9-8892 

10-1428 

10-3964 

10-6500 

10-9035 

11-1571 

11-4107 

72 

9-0000 

9-2570 

9-5142 

9-7714 

10-0284 

10-28.56 

10-5428 

10-8000 

11-0570 

11-3142 

11-5714 

73 

9-1250 

9-3855 

9-6463 

9-9071 

10-1676 

10-4284 

10-6892 

10-9.500 

11-2105 

11-4713 

11-7321 

74 

9-2500 

9-1140 

9-7784 

10-0428 

10-3068 

10-5712 

10-8356 

11-1000 

11-3640 

11-6284 

11-8928 

75 

9-3750 

9-6465 

9-9105 

10-1785 

10-4460 

10-7140 

10-9820 

11-2500 

11-5175 

11-7855 

12-0535 

76 

9-5000 

9-7710 

10-0426 

10-3142 

10-5852 

10-8568 

11-1284 

11-4000 

11-6710 

11-9426 

12-2142 

77 

9-6250 

9-8995 

10-1747 

10-4499 

10-7244 

10-9996 

11-2748 

11-5500 

11-8245 

12-0997 

12-3749 

78 

9-7500 

10-0280 

10-2068 

10-58.56 

10-8636 

11-1424 

11-4212 

11-7000 

11-9780 

12-2568 

12-5356 

79 

9-8750 

10-1565 

10-4389 

10-7213 

11-0028 

11-2852 

11-5676 

11-8500 

12-1315 

12-4139 

12-6963 

80 

10-0000 

10-2850 

10-5710 

10-8570 

11-1420 

11-4280 

11-7140 

12-0000 

12-2850 

12-5710 

12-8570 

81 

10-1250 

10  4135 

10-7031 

10-9927 

11-2812 

11-5708 

11-8604 

12-1500 

12-4385 

12-7281 

13-0177 

82 

10-2500 

10-5420 

10-8352 

11-1284 

11-4204 

11-7136 

12-0068 

12-.3000 

12-5920 

12-8852 

13-1784 

83 

10-3750 

10-6705 

10-9673 

11-2641 

11-5296 

11-8564 

12*1532 

12-4500 

12-7455 

13-0423 

13-3391 

84 

10-5000 

10-7990 

11-0994 

11-3998 

11-6988 

11-9992 

12-2996 

12-6000 

12-8990 

13-1994 

13-4998 

85 

10-6250 

10-9275 

11-2315 

11-5355 

11-8380 

12-1420 

12-4460 

12-7500 

13-0525, 

13-3565 

13-6605 

86 

10-7500 

11-0560 

11-3636 

11-6712 

11-9772 

12-2848 

12-5924 

12-9000 

13-2660 

13-5136 

13-8212 

87 

10-8750 

11-1845 

11-4957 

11-8069 

12-1164 

12-4276 

12-7388 

13-0500 

13-3595 

13-6707 

13-9819 

88 

11-0000 

11-3130 

11-6278 

11-9426 

12-2556 

12-5704 

12-8852 

13-2000 

13-5130 

13-8278 

14-1426 

89 

11-1250 

11-4415 

11-7599 

12-0783 

12-3948 

12-7132 

13-0316 

13-3500 

13-6665 

13-9849 

14-3033 

90 

11-2500 

11-5700 

11-8920 

12-2140 

12-5340 

12-8560 

13-1780 

13-5000 

13-8200 

14-1420 

14-4640 

91 

11-37.50 

11-6985 

12-0241 

12-3497 

12-6732 

12-9988 

13-3244 

13-6500 

13-9735 

14-2991 

14-6247 

92 

11-5000 

11-8270 

12-1562 

12-4854 

12-8124 

13-1416 

13-4708 

13-8000 

14-1270 

14-4562 

14-7854 

93 

11-6250 

11-9555 

12-2883 

12-6211 

12-9516 

13-2844 

13-6172 

13-9500 

14-2805 

14-6133 

14-9401 

94 

11-7500 

12-0840 

12-4204 

12-7568 

13-0908 

13-4272 

13-7636 

14-1000 

14-4340 

14-7704 

15-1068 

95 

11-8750 

12-2125 

12-5525 

12-8925 

13-2300 

13-5700 

13-9100 

14-2500 

14-5875 

14-9275 

15-2675 

96 

12-0000 

12-4410 

12-6846 

13-0282 

13-3692 

13-7128 

14-0564 

14-4000 

14-7410 

15-0846 

15-4282 

97 

12-12.50 

12-5695 

12-8167 

13-1639 

13-5084 

13-8556 

14-2028 

14-.5500 

14-8945 

15-2417 

15-5899 

98 

12-2500 

12-6980 

12-9488 

13-2996 

13-6476 

13-9984 

14-3492 

14-7000 

15-0480 

15-3988 

15-7496 

99 

12-3750 

12-8265 

13-0809 

13-4353 

13-7868 

14-1412 

14-4496 

14-8500 

15-2015 

15-5559 

15-9103 

100 

12-5000 

12-9550 

13-2130 

13-.5710 

13-9260 

14-2840 

14-6420 

15-0000 

15-35.50 

15-7130 

16-0710 

101 

12-6250 

13-0835 

13-3451 

13-7067 

14-0652 

14-4268 

14-7884 

15-1500 

15-.5085 

15-8701 

16-2317 

102 

12-7.500 

13-2120 

13-4772 

13-8424 

14-2044 

14-5696 

14-9348 

15-3000 

15-6620 

16-0272 

16-3924 

103 

12-8750 

13-3405 

13-5093 

13-9781 

14-3436 

14-7124 

15-0812 

15-4500 

15-8155 

16-1843 

16-5531 

104 

13-0000 

13-4680 

13-7414 

14-1138 

14-4828 

14-8552 

15-2276 

15-6000 

15-9690 

16-3414 

16-7138 

105 

13-12.50 

13-5965 

13-8735 

14-2495 

14-6220 

14-9980 

15-3740 

15-7500 

16-1225 

16-4985 

16-8745 

i 
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BEER Boiling, 


Table  showing  the  quantity  of  hops  per  quarter  of  malt  of  any  gravity  from  70  to  105  pounds,  at  the 
ratio  of  J to  14  lbs.  per  quarter. — Concluded. 


Gravity. 

114 

llj 

12 

12i 

124 

12| 

13 

13i 

13i 

13| 

14 

70 

11-5000 

11-7500 

12-0000 

12-2500 

12-5000 

12-7500 

13-0000 

13-2500 

13-5000 

13-7500 

14-0000 

71 

11-6642 

11-9178 

12-1714 

12-4250 

12-6785 

12-9321 

13-1857 

13-4392 

13-6928 

13-9464 

14-2000 

72 

11-8284 

12-0856 

12-3428 

12-6000 

12-8570 

13-1142 

13-3714 

13-6284 

13-8865 

14-1428 

14-4000 

73 

11-9926 

12-2534 

12-5412 

12-7750 

13-0320 

13-2963 

13-5571 

13-8176 

14-0784 

14-3392 

14-6000 

74 

12-1568 

12-4212 

12-6856 

12-9500 

13-2105 

12-4784 

13.7428 

14-0068 

14-2712 

14-5356 

14-8000 

75 

12-3210 

12-5890 

12-8570 

13-1250 

13-3890 

13-6605 

13-9285 

14-1960 

14-4640 

14-7320 

15-0000 

76 

12-4852 

12-7568 

13-0284 

13-3000 

13-5675 

13-8426 

14-1142 

14-3852 

14-6568 

14-9284 

15-2000 

77 

12-6494 

12-9246 

13-1998 

13-4750 

13-7460 

14-0247 

14-2999 

14-5744 

14-8496 

15-1248 

15-4000 

78 

12-8136 

13-0924 

13-3712 

13-6500 

13-9245 

14-2068 

14-4856 

14-7636 

15-0424 

15-3212 

15-6000 

79 

12-9778 

13-2602 

13-5426 

13-8250 

14-1030 

14-3889 

14-6713 

14-9528 

15-2352 

15-5176 

15-8000 

80 

13-1420 

13-4280 

13-7140 

14-0000 

14-2815 

14-5710 

14-8570 

15  1410 

15-4280 

15-7140 

16-0000 

81 

13-3062 

13-5958 

13-8885 

14-1750 

14-4600 

14-7531 

15-0427 

15-3302 

15-6208 

15-9404 

16-2000 

82 

13-4704 

13-7636 

14-0568 

14-3500 

14-6385 

14-9352 

15-2284 

15-5194 

15-8136 

16-1068 

16-4000 

83 

13-6346 

13-9314 

14-2282 

14-5250 

14-8170 

15-1173 

15-4141 

15-7086 

16-0064 

16-3032 

16-6000 

84 

13-7988 

14-0992 

14-3996 

14-7000 

14-9955 

15-2994 

15-5998 

15-8978 

16-1992 

16-4996 

16-8000 

85 

13-9630 

14-2670 

14-5710 

14-8750 

15-1740 

15-4815 

15-7855 

16-0870 

16-3920 

16-6960 

17-0000 

86 

14-1272 

14-4348 

14.7424 

15-0.500 

15-3525 

15-6636 

15-9712 

16-2762 

16-5848 

16-8924 

17-2000 

87 

14-2914 

14-6026 

14-9138 

15-2250 

15-5310 

15-8457 

16-1569 

16-4654 

16-7776 

17-0888 

17-4000 

88 

14-4556 

14-7740 

15-0852 

15-4000 

15-7095 

16-0278 

16-3426 

16-6546 

16-9704 

17-2852 

17-6000 

89 

14-6198 

14-9382 

15-2566 

15-5750 

15-8880 

16-2099 

16-5283 

16-8438 

17-1632 

17-4816 

17-8000 

90 

14-7840 

15-1060 

15-4280 

15-7500 

16-0665 

16-3920 

16-7146 

17-0320 

17-3560 

17-6780 

18-0000 

91 

14-9482 

15-2738 

15-5994 

15-9250 

16-2450 

16-5741 

16-8997 

17-2212 

17-5488 

17-8744 

18-2000 

92 

15-1124 

15-4416 

15-7708 

16-1000 

16-4235 

16-7562 

17-0854 

17-4104 

17-7416 

18-0708 

18-4000 

93 

15-2766 

15-6694 

15-9422 

16-2750 

16-6020 

16-9383 

17-2711 

17-6096 

17-9344 

18-2672 

18-6000 

94 

15-4408 

15-7772 

16-1136 

16-4500 

16-7805 

17-1204 

17-4568 

17-7988 

18-1272 

18-4636 

18-8000 

95 

15-6050 

15-9450 

16-2850 

16-6250 

16-9590 

17-3025 

17-6425 

17-9880 

18-3200 

18-6600 

19-0000 

96 

15-7692 

16-1128 

16-4564 

16-8000 

17-1375 

17-4846 

17-8282 

18-1772 

18-5128 

18-8564 

19-2000 

97 

15-9334 

16-2806 

16-6278 

16-9750 

17-3160 

17-6667 

18-0139 

18-3664 

18-7056 

19-0528 

19-4000 

98 

16-0976 

16-4484 

16-7992 

17-1.500 

17-4945 

17-8488 

18-1996 

18-5556 

18-8984 

19-2492 

19-6000 

99 

16-2618 

16-6162 

16-9706 

17-3250 

17-6730 

18-0309 

18-3853 

18-7448 

19-0912 

19-4456 

19-8000 

100 

16-4260 

16-7840 

17-1420 

17-5000 

17-8515 

18-2130 

18-5710 

18-9340 

19-2840 

19-6420 

20-0000 

101 

16-5902 

16-9518 

17-3134 

17-6750 

18-0300 

18-3951 

18-7567 

19-1232 

19-4768 

19-8384 

20-2000 

102 

16-7544 

17-1196 

17-4848 

17-8500 

18-2085 

18-.5772 

18-9424 

19-3124 

19-6696 

20-0348 

20-4000 

103 

16-9186 

17-2874 

17-6562 

18-0250 

18-3870 

18-7593 

19-1281 

19-5016 

19-8624 

20-2312 

20-6000 

104 

17-0828 

17-4552 

17-8276 

18-2500 

18-5655 

18-9414 

19-3138 

19-6908 

20  0552 

20-4276 

20-8000 

105 

17-2470 

17-6230 

17-9990 

18-3750 

18-7440 

19-1235 

19-4995 

19-8800 

20-2480 

20-6240 

21-0000 

K the  produce  of  the  malt  he  obtained  in  two  or 
more  mashings,  and  they  are  boiled  separately,  the  pro- 
portion of  hops  which  each  wort  will  require  is  found  as 
follows : — Suppose  the  quantity  taken  was  eighty  quar- 
ters of  malt,  and  that  the  gravity  per  quarter  is  eighty- 
five  poimds,  the  whole  being  extracted  in  two  mashes, 
the  first  of  which  tests  sixty-five  pounds,  and  the  other, 
together  with  the  washings,  twenty  pounds  per  quarter ; 
further,  if  the  proportion  of  hops  to  the  quarter  of 
seventy  pounds  gravity  be  twelve  pounds,  by  referring 
to  the  gravity,  eighty-five  pounds  in  the  table,  the 
number  14-571  -will  be  found  on  the  horizontal  fine 
under  the  head  of  twelve  pounds  per  quarter.  Then 
85  X 14-571  = 1238-5  pounds  of  hops,  and  80  X 85  = 
6800  pounds,  the  total  extract;  and  6800  -r- 1238-5  = 
0-1821  pounds  of  hops  for  each  pound  gravity  in  each  of 
the  worts;  and  hence  65  X 80  X 0-182  = 946-9  pounds 
for  the  first  wort,  20  X 80  X 0-182  = 291-6  pounds 
for  the  second  wort. 

In  a similar  way,  the  proportion  of  the  flowers  which 
ought  to  be  added  to  the  several  hquors  is  found,  at 
whatever  number  of  pounds  per  quarter,  as  specified  in 
the  table,  is  adopted. 

Sometimes  the  whole  of  the  hops  is  added  to  the 
first  wort ; but  the  time  of  boiling  is  shortened,  so  as  to 
leave  sufficient  of  the  bitter  principle  for  the  next 
hquor ; the  practice  most  frequently  followed  is  to  add 
the  proper  quantity  to  each  wort  and  discharge  the 
whole,  when  the  usual  time  of  boiling  is  expired,  into 
the  hop-back.  The  ebullition  in  this  case  is  continued 


for  one  half  to  three  quarters  of  an  hour  longer  in  the 
second  than  in  the  first  wort,  to  remove  the  excess  of 
impurities  which  the  after  mashings  generally  carry 
along  -with  them,  and  to  exhaust  the  hops,  as  well  as 
to  concentrate  the  gyle,  and  procure  a better  quality  of 
ale  than  they  would  afibrd  in  their  diluted  state.  The 
brewer,  however,  applies  here  only  an  imperfect  remedy 
for  the  self-inflicted  malady  of  dra-wing  off"  repeated 
mashings  hi  a very  diluted  state,  for  by  such  a course 
of  ebullition  the  sugar  is  partly  decomposed  as  already 
explained,  the  menstruum  deepens  in  color,  and  the 
expenditure  in  fuel  becomes  a dead  loss ; whereas,  if 
the  precautions  alluded  to  in  the  foregoing  pages  be 
observed,  most  of  these  disadvantages  will  not  be  ex- 
perienced. After  the  boiling,  the  gyle  and  hops  are 
dra-wn  off  to  the  hop-back,  and  the  liquor  is  made  to 
percolate  through  the  hops  used  in  the  foregoing  opera- 
tion. Any  strong  wort  which  might  be  retained  in  the 
exhausted  hops  is  carried  off  in  the  second  gyle,  and 
what  is  retained  of  the  second  is  washed  off  -with  hot 
water,  and  the  washings  preserved  for  a return  wort ; 
or  in  case  light  ales  are  to  be  made,  added  to  the  pro- 
duct in  the  cooler ; or  the  residuary  fibrous  matter  of 
the  hops  is  removed  to  the  press,  and  the  liquor  squeezed 
out  in  this  way  added  to  the  second  gyle. 

A larger  quantity  of  hops  is  always  used  in  hot 
weather  than  when  the  air  is  cold  or  mild,  so  as  to 
prevent  the  decomposition  of  the  ale,  which,  -without  this 
counteracting  agent,  the  elevated  temperature  would 
occasion. 


BEER Cooling. 
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The  following  table,  transcribed  from  Levesque, 
specifies  the  increase  of  bops  required  for  every  degree 
from  50°  to  75°  Fabr.,  and  from  four  to  nine  pounds 
per  quarter: — 


Temperature 
of  the  air  at 
the  time 
of  brewing. 

Four 

pounds 

per 

quarter. 

Five 

pounds 

per 

quarter. 

Six 

pounds 

per 

quarter. 

Seven 

pounds 

per 

quarter. 

Eight 

pounds 

per 

quarter. 

Nine 

pounds 

per 

quarter. 

60“ 

4-00 

5-00 

6-00 

7-00 

8-00 

9-00 

51 

4-08 

5-10 

6-12 

7-14 

8-16 

9-18 

52 

4-16 

5-20 

6-24 

7-28 

8-32 

9-36 

53 

4-24 

5-30 

6-36 

7-42 

8-48 

9-54 

54 

4-32 

5-40 

6-48 

7-56 

8-64 

9-72 

55 

4-40 

5-50 

6-60 

7-70 

8-80 

9-90 

56 

4-48 

5-60 

6-72 

7-84 

8-96 

10-08 

57 

4-66 

5-70 

6-84 

7-98 

9-12 

10-26 

58 

4-64 

5-80 

6-96 

8-12 

9-28 

10-44 

59 

4-72 

5-90 

7-08 

8-26 

9-44 

10-52 

60 

4-80 

6-00 

7-20 

8-40 

9-60 

10-70 

61 

4-88 

6-10 

7-32 

8-54 

9-76 

10-88 

62 

4-96 

6-20 

7-44 

8-68 

9-92 

11-06 

63 

5-04 

6-30 

7-56 

8-82 

10-08 

11-24 

64 

5-12 

6-40 

7-68 

8-96 

10-24 

11-42 

65 

5-20 

6-50 

7-80 

9-10 

10-40 

11-60 

66 

5-28 

6-60 

7-92 

9-24 

10-56 

11-88 

67 

5-36 

6-70 

8-04 

9-38 

10-72 

12-06 

68 

5-44 

6-80 

8-16 

9-52 

10-88 

12-24 

69 

5-52 

6-90 

8-28 

9-66 

11-04 

12-42 

70 

5-60 

7-00 

8-40 

9-80 

11-20 

12-60 

71 

5-68 

7-10 

8-52 

9-94 

11-36 

12-78 

72 

5-76 

7-20 

8-64 

10-08 

11-52 

12-96 

73 

5-84 

7-30 

8-76 

10-22 

11-68 

13-14 

74 

5-92 

|7-40 

8-88 

10-36 

11-84 

13-32 

75 

6-00 

7-50 

9-00 

10-50 

12-00 

13-50 

Notwithstanding  that  tliis  table  has  evidently  been 
drawn  up  from  theory  and  not  experiment,  yet  to  prac- 
tical men  it  may  serve  to  some  extent  as  a guide  to 
direct  them  in  weather  unfavorable  for  brewing.  The 
best  guarantee  would  be  to  avoid  as  much  as  possible 
extracting  the  nitrogenous  portions  of  the  malt,  or, 
when  extracted,  to  separate  them  completely  in  the 
fermentation. 

During  the  boiling,  considerable  quantities  of  water 
are  expelled  in  the  form  of  vapor,  and  a gi-eat  differ- 
ence is  consequently  observed  bebffeen  the  density  of 
the  wort  after  boiling,  and  the  gravity  which  it  indicated 
at  the  time  of  its  introduction  into  the  copper. 

The  annexed  table,  copied  also  from  Levesque, 
shows  what  gravity  the  original  wort  ought  to  possess 
to  afford  a gyle  of  a certain  strength  after  one  hour’s 
boiling : — 


Gravity  required 
after  one  hour’s 
boiling. 

Gravity  required  in 
the  raw  wort. 

Gravity  required 
after  one  hour’s 
boiling. 

Gravity  required  in 
the  raw  wort. 

8 

6-60 

27 

21-60 

9 

7-20 

28 

22-40 

10 

8-00 

29 

23-20 

11 

8-80 

30 

24-00 

12 

9-60 

31 

24-80 

13 

10-40 

32 

25-60 

14 

11-20 

33 

26-40 

15 

12-00 

34 

27-20 

16 

12-80 

35 

28-00 

17 

13-60 

36 

28-80 

18 

14-40 

37 

29-60 

19 

15-20 

38 

30-40 

20 

16-00 

39 

31-20 

21 

16-80 

40 

32-00 

22 

17-60 

41 

32-80 

23 

18-40 

42 

33-60 

24 

19-20 

43 

34-40 

25 

20-00 

44 

35-20 

2ft 

20-80 

45 

36-00 

According  to  Richardson,  the  volume  of  wort  im- 
bibed by  the  hops  is  as  follows : — 


Hops  used. 

Wort  imbibed. 

Hops  used. 

Wort  imbibed. 

Founds. 

Bar. 

Founds. 

Bar. 

1 

0-01 

30 

0-50 

2 

0-03 

40 

0-66 

3 

0-05 

50 

0-83 

4 

0-06 

60 

1-00 

5 

0-08 

70 

1-16 

6 

0-10 

80 

1-33 

7 

0-11 

90 

1-50 

8 ■ 

0-13 

100 

1*66 

9 

0-15 

200 

3-33 

10 

0-16 

300 

5-00 

11 

0-17 

400 

6-66 

12 

0-19 

500 

8-33 

13 

0-21 

600 

10-00 

14 

0-22 

700 

11-66 

15 

0-24 

800 

13-32 

16 

0-26 

900 

15-00 

17 

0-27 

1000 

16-66 

18 

0-29 

2000 

33-30 

19 

0-31 

3000 

50-00 

20 

0-33 

4000 

66-66 

The  back  into  wliich  the  hops  and  wort  are  dis- 
charged is  usually  a large  square  vessel  of  wood  or  iron, 
with  a perforated  false  bottom  and  a tap  appended,  not 
unhke  the  construction  of  the  mash  tun.  When  the 
contents  of  the  copper  are  to  be  drawn  off,  the  rouaer, 
or  other  agitating  apparatus,  is  set  in  motion  to  raise 
the  hops  in  the  liquor;  and  when  the  whole  is  removed 
to  the  back,  some  time  is  allowed  to  elapse  before  the 
gyle  is  drawn  off  to  the  refrigerators,  in  order  that  the 
hops  may  subside,  and  retain  any  mechanical  impuri- 
ties which  may  be  floating  in  the  liquid  as  it  filters 
through  them.  Many  persons,  especially  in  Scotland, 
instead  of  employing  an  apparatus  like  that  mentioned, 
erect  a large  square,  with  a temporary  bottom  or 
strainer,  made  of  hair,  and  into  this  the  hops  and  gyle 
are  discharged.  In  this  case  the  liquor  is  not  so  trans- 
parent as  in  the  former ; but  it  seems  to  be  a disputed 
point,  whether  the  finer  portions  of  the  hop  grains  that 
are  carried  through  with  the  coagulated  albumen  are 
serviceable  as  a preservative  to  the  beer,  which  is 
maintained  by  the  practisers  of  the  Scotch  method 
chiefly  on  the  ground,  that  a larger  quantity  of  albu- 
minous and  glutinous  matter  is  deposited  with  the  hop 
grains  in  the  coolers,  and  that  the  gyle  is  therefore 
much  better  purified  than  by  the  practice  of  filtering 
through  the  hops,  as  in  the  first  method. 

Cooling. — After  the  worts  are  thoroughly  hopped 
and  boiled,  the  next  thing  to  be  done  is  to  bring  them  to 
a proper  temperature  for  the  commencement  of  the  fer- 
mentation, which,  to  insure  success,  must  be  conducted 
within  certain  limits.  The  Hquor,  in  this  case,  must  be 
rapidly  cooled,  for,  if  permitted  to  remain  in  contact 
with  the  air  during  the  time  its  caloric  would  be  given 
off  spontaneously,  the  consequence  would  be,  that,  unless 
the  atmosphere  were  very  cold,  acidity  would  set  in. 
Two  methods  are  resorted  to  for  cooling  the  worts, 
both  of  which  are  to  a great  extent  artificial.  The 
first  has  been  practised  for  a considerable  period,  and  is, 
therefore,  sanctioned  by  the  great  majority  of  brewers; 
but  the  latter,  which  is  of  recent  introduction,  is  much 
more  effectual,  and  is  generally  to  be  found  in  the  fac- 
tories of  the  better-informed  class  in  the  trade. 
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The  apparatus  used  in  the  first  instance  is  known  as 
the  cooler,  and  in  the  second  as  the  refrigerator. 

Coolers  are  spacious  rectangular  shallow  vessels,  for 
the  most  part  constructed  of  Dantzic  deal  boards,  two 
inches  thick  at  the  sides,  and  one  inch  and  a quarter  or 
one  and  a half  at  the  bottom ; these  boards  are  con- 
nected by  plain  joints,  to  which  they  are  secured  by  pins 
of  the  same  wood.  The  depth  of  the  cooler  is  about  six 
inches,  and  it  should  be  perfectly  smooth,  so  that  no  im- 
purities can  be  retained,  which  would  be  the  case  when 
the  worts  are  drawn  off,  were  any  inequalities  or  rough 
knots  in  the  floor ; it  should  have  a gentle  incline  to- 
wards that  end  at  which  the  gyle  is  discharged  into  the 
fermenting-backs,  and  be  placed  in  a position  where  the 
air  has  free  access  to  it.  For  this  reason  the  cooling  floor 
is  always  in  an  elevated  part  of  the  brewery,  and  exposed 
on  aU  sides  by  means  of  boards  arranged  in  the  same 
manner  as  a V enetian  sun-blind.  To  expedite  the  work, 
fans  or  other  mechanical  agencies,  similar  to  those 
noticed  at  page  64,  are  used,  to  increase  the  current 
of  air  in  the  apartment,  whereby  the  heat  is  more 
readily  dissipated  than  if  allowed  to  radiate  sponta- 
neously. The  gyle  is  streamed  upon  this  floor  to  the 
depth  of  two  or  two  and  a half  inches,  and  when  the 
atmosphere  is  rather  cold,  as  from  the  latter  end  of 
autumn  to  the  middle  of  spring,  the  stratum  cools  in 
six  to  eight  hours ; but  even  this  is  too  long  for  the 
liquor  to  remain  exposed  to  the  air. 

Considerable  loss,  indeed,  is  often  incuiTcd  by  the  im- 
perfection of  this  method  of  cooling  by  the  wooden  floor, 


especially  in  warm  weather,  when  the  atmosphere  is  of  a 
comparatively  high  temperature ; for,  in  the  first  place, 
the  liquor  is  not  reduced  in  its  heat  so  readily  as  to  be 
entirely  exempt  from  acidity ; and,  in  the  second,  the 
wood  of  the  vessel  experienees  considerable  change  in 
the  alternate  application  of  heat  and  cold,  by  which  its 
pores  are  distended  so  much,  that  if  allowed  to  remain 
exposed  for  any  length  of  time,  air  enters,  and  this 
coming  in  contact  with  the  gyle  in  the  next  operation, 
it  operates  on  its  saccharine  and  albuminous  consti- 
tuents, and  oecasions  a creaming  of  the  surface,  or  an 
incipient  fermentation,  technically  known  as  the /oa:. 

This  evil  may  be  partially  prevented  by  keeping  the 
floor  covered  with  cold  water,  after  the  worts  have 
been  drawn  ofl‘  and  the  deposited  matter  cleaned  away, 
till  the  next  operation ; but  still  the  wood  is  liable  to 
communicate  acidity,  unless  the  greatest  attention  be 
given  to  its  being  thoroughly  washed  very  frequently 
with  lime  water.  It  is  much  more  advisable  to  have  the 
coolers  constructed  of  some  other  material  than  wood, 
and,  indeed,  they  are  so  formed  by  several  brewers. 
Iron,  when  carefully  attended  to  in  point  of  cleansing, 
et  cetera,  answers  very  well,  but  tinned  copper  would 
be  much  more  satisfactory.  Sheet-iron,  glazed  or 
enamelled,  would  answer  the  purposes  of  the  brewer 
admirably  in  this  respect.  Tizaed  recommends  to 
have  the  coolers  formed  of  tiles  made  from  felspar  by 
a Manchester  patentee,  as  being  very  eligible ; and  it 
cannot  be  doubted  that,  in  point  of  cleanliness  and 
security  from  foxing  or  acquiring  a bad  taste,  such 
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tiles  would  be  preferable  to  wood,  and  might  gene- 
rally answer;  but  stiU  they  are  not  so  good  conductors 
of  heat  as  iron  or  copper,  and  hence  they  would  not 
cool  the  liquid  so  readily  as  these  metals. 

The  refrigerators  occupy  no  more  than  one-half  or 
three-eighths  of  the  space  which  the  plain  coolers 
take  up ; they  are  constructed,  like  the  latter,  in  the 


form  or  a plane,  with  transverse  divisions  or  bars  issu- 
ing from  each  side  alternately,  and  reaching  to  within 
half  a foot  of  the  opposite  side ; the  space  between  each 
bar  is  usually  about  a foot  or  a foot  and  a half,  and  in 
this  a pipe  of  suitable  calibre  is  laid,  through  which 
cold  water  is  made  to  flow  in  an  opposite  direction  to  ^ 
the  current  of  the  gjde. 
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Fig.  163  represents  the  refrigerator  in  use  at  the  fac- 
tory of  Messrs.  Allsopp  and  Sons;  the  water  pipe, 
entering  at  the  lower  end,  is  seen  at  A,  and  passes  off 
at  the  further  end,  where  the  hot  worts  are  being  dis- 
charged into  the  cooler. 

When  the  worts  are  cooled  on  the  open  floor,  con- 
siderable quantities  of  deposit  are  formed,  which  in 
some  instances  are  swept  off  into  the  fermenting-backs. 
The  chief  aim  of  the  manager  should  be  to  cool  the 
liquor  as  readilj'-  as  possible,  especially  when  the  tem- 
perature reaches  130°  Fahr. ; the  floor  and  pipes  should 
also  be  kept  scrupulously  clean,  otherwise  the  goods 
will  either  acquire  a very  bad  taste  or  turn  acid.  When 
refrigerators  are  not  erected,  the  best  way  would  be  to 
have  the  cooling  floors  so  constructed  that  they  could 
be  exposed  when  required.  If  this  were  done,  and  the 
worts  were  streamed  upon  them  during  the  night  in 
summer,  they  would  cool  very  rapidly  in  consequence 
of  the  heat  being  radiated  into  the  clear  atmosphere. 
After  the  gyle  is  cooled  to  the  limits  of  56°  to  64°,  it 
is  transferred  to  the  fermenting  squares  to  undergo  the 
next  process,  namely, 

Fermentation. — In  the  whole  course  of  brewing, 
there  is  no  part  of  the  work  which  requires  such  inde- 
fatigable diligence  as  the  fermentation  of  the  wort,  as 
upon  it  depends  the  perfect  accomplishment  of  the 
business;  for  if  the  foregoing  stages  had  been  per- 
formed somewhat  imperfectly,  provided  the  products 
have  not  acidified,  and  they  have  been  subjected  to  a 
good  fermentation,  a wholesome  beverage  is  obtained ; 
but  let  the  mashing  and  the  other  operations  be  ever  so 
studiously  executed,  if  the  fermentation  is  iniperfect,  a 
bad  and  almost  worthless  product  results.  Yet,  by 
care  and  moderate  experience,  it  maybe  easily  managed, 
so  as  to  guard  against  the  possibility  of  a failure. 

The  principles  of  the  vinous  fermentation  have  been 
alluded  to  at  sufficient  length  at  page  64  et  seq.,  to 
which  the  reader  is  referred;  and  knowing,  from  the 
explanation  there  given,  what  are  its  effects,  and  wherein 
it  has  to  be  counteracted,  the  chief  aim  should  be  the 
acquisition  of  the  best  practical  knowledge  for  con- 
ducting it. 

It  is  worth  observing,  however,  that  there  are  various 
species  of  chemical  decompositions  characterized  by  the 
term  fermentation,  such  as  the  lactic,  the  mucic,  the 
ammoniacal,  the  acetous,  the  panary,  the  putrid,  the 
vinous,  and  various  others,  whereby  certain  compounds 
are  generated,  but  always  by  a direct  or  an  indirect 
species  of  oxidation.  According  to  the  nature  of  the 
substances  operated  upon,  one  or  more  of  these  may  be 
excited  by  the  contact  of  a body  undergoing  the  like 
decomposition.  F or  instance,  a compound  in  the  state  of 
the  acetous  or  lactic  fermentation,  on  being  brought  in 
contact  with  a solution  of  sugar,  occasions  the  direct 
formation  of  either  acetic  or  lactic  acid  in  the  hquid. 

This  being  the  case,  it  is  evident  that  the  greatest 
and  most  scrupulous  care  should  be  observed  in  select- 
ing the  barm,  or  store,  which  is  employed  to  induce  the 
action  in  the  first  instance,  lest  it  may  have  contracted 
any  acidity  or  putrefaction,  which  would  certainly 
prove  detrimental  to  the  beer,  as  affecting  its  flavor, 
wholesomeness,  and  keeping  properties. 

The  apparatus  requfred  for  the  fermentation  are 


either  circular  tuns  or  squares,  constructed  of  sheet-iron 
or  Dantzic  deal,  and  of  a capacity  suited  to  the  quan- 
tity of  materials  employed ; they  are  generally  furnished 
with  an  attemperator,  or  pipe,  through  which  either  hot 
or  cold  water,  as  the  temperature  of  the  contents  may 
be  too  high  or  too  low,  is  transmitted.  The  hquid  is  in- 
troduced into  these  fermenting  vessels  at  a temperature 
varying  from  54°  to  64°  Fahr.,  according  to  the  prac- 
tice of  different  brewers.  In  England,  the  pitching 
heat  is  usuahy  between  60°  and  64°,  or  even  higher ; 
while  in  Scotland  the  temperature  does  not  reach 
higher  than  58°,  except  in  some  few  cases.  When  the 
pitching  heat  is  high,  and  the  yeast  is  of  a good  quality 
and  in  sufficient  abimdance,  the  fermentation  becomes 
ungovernable,  unless  there  be  an  attemperator  to  check 
the  rising  heat;  besides,  the  whole  of  the  glutinous 
constituents  of  the  gyle  is  not  removed  in  the  yeast, 
and  the  liquor  does  not  cleanse  satisfactorily,  in  con- 
sequence of  an  after  fermentation  which  sets  in,  and  is 
practically  known  as  the/rei.  On  the  other  hand,  if  the 
action  proceeds  sluggishly,  so  that  the  yeast  remains 
in  contact  with  the  liquor  at  a temperature  of  66°  to 
70°  for  some  time,  then,  in  addition  to  its  being  ropy,  the 
disagreeable  taste  of  the  yeast  that  has  to  some  extent 
entered  upon  the  putrefactive  fermentation,  wiU  be  re- 
tained, and  the  product  is  what  is  termed  yeast-hitten. 

To  guard  against  both  these  serious  evils,  it  is 
necessary  to  be  scrupulously  careful  that  the  store  yeast 
is  in  a good  and  healthy  condition,  and  also  that  the 
temperature  is  properly  regulated,  as  well  in  reference  to 
the  bulk  and  gravity  of  the  gyle,  as  to  the  state  of  the 
atmosphere.  The  practice  observed  by  some  brewers 
of  beating  the  head  of  the  yeast  into  the  gyle,  however 
it  may  seem  to  favor  the  operation,  is  not  so  indispens- 
able as  they  would  suppose ; for  if  the  action  be  en- 
grafted in  the  liquid  at  the  first,  it  will  proceed  with 
sufficient  power  to  complete  the  work  without  the  assist- 
ance offered  by  the  new  yeast  being  beaten  into  it. 

With  these  considerations,  the  brewer  may  discharge 
his  worts  into  the  fermenting  vessels  at  from  58°  to  64°, 
according  to  the  circumstances  already  alluded  to ; but, 
before  he  proceeds,  it  should  be  his  duty  to  ascertain  I 
the  mean  temperature  of  the  air  in  the  room,  to  have 
the  real  density  of  his  gyle,  and  the  quantity  in  barrels 
and  firkins  noted  in  his  book,  so  that  he  may  be  better 
able  to  judge  of  the  rise  of  temperature,  the  degree  of 
attenuation,  and  the  waste  suffered  during  the  action, 
but,  above  all,  the  proportion  of  yeast  or  store  to  be 
added  at  the  commencement.  Various  circumstances 
tend  to  influence  the  quantity  of  yeast  which  ought  to  be 
added  to  the  gyle ; hence,  to  give  a definite  rule  in  this 
particular  is  out  of  the  question.  By  studious  attention 
and  moderate  experience  the  brewer  will  be  able  to 
master  the  difficulty,  especially  when  it  is  borne  in 
mind  that  the  variation  takes  place,  firstly,  and  princi- 
pally, with  the  quality  of  the  store ; secondly,  with  the 
degree  of  heat  at  which  the  malt  had  been  dried,  and 
the  quality  of  the  hquor  used  in  mashing ; thirdly,  with 
the  gravity  of  the  worts  ; and  fourthly,  with  the  tem- 
perature of  the  liquor,  and  hkewise  that  of  the  air  at 
the  time  of  pitching  the  tun. 

Yeast  is  very  variable  in  its  effects,  according  to  the 
time  of  its  production,  its  succeeding  management,  its 
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age  and  condition ; for  the  purposes  of  fermentation  it 
cannot  be  too  fresh,  to  operate  with  energy.  The  best 
variety  at  present  in  use  is  collected  from  pale  gyles, 
near  the  close  of  the  alcoholic  fermentation,  and  after 
the  first  or  second  skimming.  The  first  portions  of 
yeast  thrown  off  are  not  sohd  enough,  and  they  gene- 
rally carry  with  them  some  of  the  liquid  as  well  as  glu- 
tinous matter  not  whoUy  transformed  into  yeast,  which 
continues  to  undergo  oxidation  till  the  acetous  or  putre- 
factive change  sets  in;  and  it  is  needless  to  add  that 
such  yeast  would  be  highly  injurious,  and  ought  to  be 
avoided. 

When  collected  as  above  described,  it  is  sufficiently 
dense  without  any  glutinous  matter  which  has  not 
undergone  oxidation  by  the  decomposition  of  the  sugar 
and  water  of  the  gyle;  and  it  is,  besides,  entirely  pro- 
tected during  the  period  of  its  formation  from  contact 
with  the  air,  and  wholly  free  from  the  old  store  or 
ferment  added  to  the  hquor  in  the  beginning.  By 
using  the  yeast  thus  carefully  provided,  a much  less 
quantity  of  it  will  be  effectual  than  of  the  other  kinds 
which  may  be  taken  at  random. 

If  highly  (hied  or  patent  malt  has  been  taken,  the 
yeast  must  be  added  in  larger  proportion  than  if  the 
worts  were  extracted  from  pale  malt,  for  the  consti- 
tuents of  the  grain  undergo  decomposition,  in  conse- 
quence of  which  the  proportion  of  gluten  is  consider- 
ably reduced  in  the  extract;  and  to  make  up  this  de- 
ficiency of  matter  by  which  new  ferment  is  formed,  and 
the  action  of  the  original  ferment  invigorated,  a larger 
proportion  of  yeast  must  be  supplied  in  the  first  in- 
stance. The  same  precaution  must  be  observed  when 
the  temperature  of  the  gyle  is  low,  and  a large  amoimt 
of  extract  is  present ; for  it  is  well  known  that  only  a 
definite  quantity  of  sugar  is  converted  into  alcohol  by 
the  yeast  which  is  added ; and  as  soon  as  this  transfor- 
mation is  effected,  the  ferment  loses  its  Adtality,  and  is 
incapable  of  furthering  the  action  beyond  this  limit,  so 
that,  if  there  be  not  as  much  matter  as  will  generate  a 
natural  ferment  in  the  gyle,  the  excess  of  saccharum 
over  the  quantity  which  the  yeast  added  will  act  upon 
remains  intact.  The  temperature  of  the  liquor  and  air 
at  the  period  of  fermenting,  will  greatly  influence  the 
rapidity  of  the  fermentation ; for  when  the  degree  of 
heat  is  elevated,  the  matter  of  the  gyle  will  more 
readily  commingle. 

When  the  gravity  of  the  gyle  is  about  45  pounds  per 
barrel,  and  the  temperature  of  setting  58°  or  60°  Fahr., 
the  atmosphere  being  at  the  ordinary  temperature  and 
barometric  pressure,  provided  the  yeast  be  of  that 
quahty  aheady  spoken  of,  about  two  to  two  and  a half 
pounds  per  barrel  will  be  sufficient,  and  it  may  happen 
that  this  quantity  will  in  some  cases  overstore  the  tun. 
In  winter,  on  the  contrary,  the  store  per  barrel  is  in- 
creased to  three,  and  sometimes  three  and  a half  pounds; 
but  then  the  heat  of  pitching  is  lower  than  in  the  pre- 
ceding case. 

When  worts  of  20,  25,  30,  or  40  pounds  per  barrel 
— the  usual  strength  of  the  ordinary  ales — are  fer- 
mented, a less  weight  of  store  must  be  added  in  pro^ 
portion  as  their  density  decreases. 

The  intervals  of  adding  the  yeast,  like  the  various 
other  operations  in  brewing,  are  different  with  most 


brewers,  some  preferring  to  add  the  total  quantity  at 
once,  while  others  reserve  a portion  to  be  subsequently 
introduced,  in  order  to  strengthen  the  fermentation. 
As  in  either  case  the  results  are  satisfactory,  the  brewer 
must  be  left  to  his  own  discretion  in  this  matter,  being 
mindful,  however,  of  the  facts  which  may  be  gleaned 
from  the  preceding  pages  on  the  subject,  and  that  it 
is  necessary  to  have  a healthy  action  inoculated  in  the 
gyle  from  the  beginning,  otherwise  the  fermentation 
will  not  be  successful. 

After  the  mixture  of  the  yeast  and  gyle  has  been 
made  some  time,  the  action  is  observed  by  the  rise  of 
some  minute  bubbles  of  gas  to  the  surface,  which  form 
on  the  sides  of  the  vessels ; as  the  operation  advances, 
this  ring  of  minute  vesicles,  or  froth,  as  it  is  termed, 
becomes  detached,  and  moves  towards  the  centre,  its 
place  being  in  a short  time  occupied  by  another  ring, 
which  imitates  its  predecessor,  and  thus  the  rings  suc- 
ceed one  another  till  the  whole  surface  is  covered. 

The  decomposition  of  the  sugar  being  more  perfectly 
engrafted  in  the  menstruum,  the  liberation  of  carbonic 
acid  is  freer  and  more  voluminous,  and  a hissing  sound 
or  effervescence  is  observed.  The  sugar  being  more 
and  more  rapidly  decomposed,  the  froth  swells  to  a 
larger  extent,  by  retaining  the  carbonic  acid  in  the 
viscid  matter  which  rises  to  the  top;  but  when  the 
volume  accumulated  is  so  great  that  the  tension  of  the 
yet  imperfect  yeast  cannot  restrain  it,  it  bursts  and 
causes  inequahties  in  the  head,  which  gives  it  the  ap- 
pearance of  what  the  brewer  terms  rochs. 

The  froth,  which  hitherto  was  colorless,  begins  to  be 
tinged  yellow,  and  as  the  work  proceeds,  it  turns  either 
to  a lightish  or  brownish  yellow ; but  it  is  a better  sign 
of  the  fermentation,  if  it  remains  of  the  former  shade. 
At  this  period  the  head  falls  considerably,  in  consequence 
of  the  carbonic  acid  gas  which  accumulated  dming  the 
preceding  part  of  the  operation,  overcoming  the  elasti- 
city of  the  yeast  and  escaping ; the  newly-formed  yeast 
becomes  more  dense  and  viscid,  and  the  fermentation  is 
much  diminished.  Were  the  head  permitted  to  remain 
in  contact  with  the  liquor  after  this  period,  it  would 
very  soon  precipitate,  and  probably,  by  having  entered 
upon  a putrefactive  decomposition,  would  give  rise  to 
the  same  in  the  liquor;  at  any  rate,  the  disagreeable  bit- 
terness which  characterizes  stale  or  putrefying  ferment 
would  be  discernible  in  the  beer,  and  in  this  state,  as 
already  remarked,  it  is  said  to  be  yeast-bitten.  To  pre- 
vent such  effect,  the  ferment  is  skimmed  off,  and  by  this 
means  the  cause  is  removed ; the  fermentation  is  also 
checked  so  as  to  prevent  it  from  passing  the  desired 
limits ; many,  however,  take  off  only  the  top  surface, 
beat  the  remainder  into  the  liquor,  and  continue  the 
fermentation  with  renewed  vigor,  tiU  all  the  albuminous 
matters  are  separated  in  the  form  of  yeast,  and  the 
greatest  part  of  the  saccharum  has  been  reduced  to 
alcohol  and  carbonic  acid.  Such  is  the  treatment 
usually  applied  to  exported  ales,  or  bitter  beers,  that  are 
reserved  for  store. 

In  brewing  mild  ales  it  is  necessary  to  nave  a certain 
quantity  of  the  sugar  unattenuated,  so  as  to  give  more 
or  less  sweetness  to  the  beverage,  and  therefore  the 
barm  is  skimmed  off,  as  above  stated,  to  check  the  fer- 
mentation, and  attain  the  end  proposed. 
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It  has  been  shown  on  several  occasions,  that  when 
the  vinous  fermentation  takes  place  in  a liquor,  it  is 
always  succeeded,  provided  the  liquor  be  left  to  itself, 
by  the  acetous ; it  is  the  same  in  this  mstance,  for  if  the 
fermented  liquor  were  allowed  to  repose  after  the  first 
action  has  ceased,  and  the  product  clarifies,  it  would  in 
a very  short  time  become  turbid,  absorb  oxygen, 
eviscerate  a mucilaginous  matter — mother  of  vinegar — 
and  turn  sour.  Such  destruction  is  prevented  by  the 
cleansing  process;  but,  before  describing  this  opera- 
tion, it  wiU  be  necessary  to  allude  to  the  patented 
and  other  improvements  which  have  been  lately  intro- 
duced into  the  brewing  business.  In  doing  this,  the 
practice  so  long  and  efficiently  followed  in  Bavaria 
deserves  to  arrest  the  attention. 

The  great  and  distinguishing  feature  of  the  beers  of 
that  kingdom,  which  are  slowly  fermented,  is  that  they 
do  not  contract  any  acescency  when  exposed  to  the 
air,  whilst  the  products  of  English,  Scotch,  and  French 
brewings  will  invariably  become  sour  under  such  cir- 
cumstances. In  addition  to  this  very  characteristic  mark 
of  the  soundness  of  Bavarian  beers,  they  possess  the 
other  qualities  by  which  good  beer  is  always  known,  and 
hence  the  high  estimation  in  which  they  are  held  by  aU 
parties.  These  valuable  quahties  are  obtained  by  the 
perfect  system  of  fermentation  to  which  the  worts  are 
subjected,  a system  which  in  itself  has  solved  one  of  the 
most  beautiful  theories  connected  with  it.  Allusion  has 
been  already  made  to  the  causes  of  acidity  in  the  gyle 
when  speaking  of  boiling,  but  the  explanation  of  the 
Bavarian  method  of  fermentation  will  afford  a clearer 
illustration  of  the  matter  than  that  adverted  to.  In 
gyles,  generally  speaking,  the  proportion  of  gluten,  with 
reference  to  its  utility  in  producing  yeast  or  assisting  in 
the  fermentation,  is  greater  than  that  of  the  sugar  to  its 
requirements  in  the  formation  of  spirit  and  giving/w^wm 
to  the  drink ; and  although  much  of  this  excess  may 
be  removed  by  the  boiling,  still,  after  the  usual  process 
of  attenuation  has  been  effected  by  the  generality  of 
brewers  in  this  country,  a very  considerable  quantity  of 
glutinous  substance  remains  dissolved,  and  it  is  this 
that  exposes  the  liquors  to  so  much  danger  of  spoiling, 
whereas,  if  it  were  removed,  no  apprehension  of  decom- 
position need  be  entertained.  The  process  of  fermen- 
tation, as  carried  out  in  Bavaria,  is  simply  such  as  will 
entirely  remove  this  excess  of  nitrogenous  matter  in 
the  worts,  and  leave  the  beer  consisting  of  no  other 
constituents  but  water,  alcohol,  sugar,  and  the  conserv- 
ing principle  of  the  hop. 

The  course  adopted  is  the  following: — After  the 
worts  are  boiled  and  hopped,  they  are  spread  out  upon 
large  shallow  pans,  in  an  atmosphere  of  from  45°  to 
50°  Fahr.,  under  ground,  and  the  fermentation  is  allowed 
to  proceed  spontaneously  in  contact  with  the  air,  the 
heat  of  the  liquor  being  restricted  within  the  above 
limits.  In  three  to  six  weeks,  as  the  case  may  be, 
the  attenuation  is  completed;  but  during  this  period 
the  evolution  of  carbonic  acid,  and  the  formation  of 
a barmy  head,  as  in  the  fermentation  already  de- 
scribed, are  quite  different  from  what  is  observed  in 
this  country.  Carbonic  acid  is  indeed  evolved,  but 
only  in  minute  globules,  such  as  pass  off  from  a liquid 
saturated  with  it  at  a high  pressure;  and  as  to  the 
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formation  of  a head  of  yeast,  the  surface  is  scarcely 
covered  with  a scum,  so  completely  is  the  ferment 
precipitated  to  the  bottom  of  the  liquor  in  the  fonn  of  a 
viscous  slime.  The  material  difference  of  the  pre- 
cipitated yeast  m the  Bavarian  course  of  fermentation, 
and  that  which  rises  to  the  surface  in  the  rapid  pro- 
cess is,  that  the  first  is  the  result  of  a slow  oxidation 
of  the  gluten,  termed  decay,  or  eremacausis ; while,  in 
the  second  instance,  it  proceeds  from  a destruction  of 
the  equilibrium  existing  between  the  particles  of  the 
compounds  present  in  the  worts,  independently  of  the 
action  of  the  air,  and  to  this  change  the  \A\mj)utre faction 
has  been  applied.  Yeast  produced  by  decay,  or  the  slow 
absoi'ption  of  oxygen,  does  not  excite  the  putrefactive, 
but  the  decaying  fermentation  in  a wort;  while,  if 
yeast  or  any  analogous  body  undergoing  the  putrefac  ■ 
tive  state  of  decomposition  be  added,  and  the  action  it 
induces  be  restricted  under  a temperature  of  50°  Fahr., 
then,  although  the  newly-formed  yeast  wiU  occasion  the 
putrefactive  change  in  a fresh  wort,  yet,  when  the 
same  operation  is  repeated  several  times  in  succession, 
that  process,  by  which  only  the  precipitated  yeast  is 
formed,  takes  place,  and  the  deposited  matter  has  lost 
the  power  of  inducing  the  ordinary  fermentation  even  at 
a moderately  elevated  temperatme.  This  matter  is  cap- 
able, however,  of  causing  a very  protracted  internal  action 
in  the  sugar,  whereby  it  is  split  into  carbonic  acid  and 
alcohol  without  affecting  in  the  slightest  degree  the 
gluten  which  may  be  held  in  solution.  The  contact  of 
the  already  decayed  gluten  is  necessary  to  induce  a 
corresponding  action  in  that  held  in  solution,  as  weU  as 
to  transform  the  sugar  into  alcohol  and  carbonic  acid,  I 
and,  after  this,  exposure  to  atmospheric  air  is  indis- 
pensable; for  if  the  latter  be  excluded,  the  further 
change  in  the  materials  of  the  gyle  is  entirely  arrested 
in  regard  to  the  precipitation  of  the  nitrogenous  pro- 
ducts. Were  these  conditions  accompanied  with  a 
high  temperature,  the  aim  of  the  brewer  would  be  frus- 
trated; for  the  alcohol,  as  weU  as  the  gluten,  would 
then  undergo  an  eremacausis  or  oxidation,  and  the 
resulting  product  would  be  "vunegar;  but  at  the  very 
low  degree  at  which  the  Bavarians  conduct  the  pro- 
cess, the  alcohol  is  incapable  of  oxidation ; meanwhile 
the  gluten  readily  enters  into  combination  with  it,  and 
precipitates. 

With  reference  to  the  question  whether  the  gluten 
assimilates  oxygen  from  the  air,  or  whether  it  takes  it 
from  the  sugar  or  water,  or  by  a decomposition  of  its 
own  particles  unites  with  the  oxygen — this  is  a subject 
upon  which  much  has  been  said,  and  in  some  cases  the 
explanations  are  stiU  mysterious  and  unsatisfactory.  It 
is  well  known  that  in  the  slow  fermentation  in  ques- 
tion, if  the  air  were  excluded  the  action  would  cease ; 
but  that  the  decomposition  of  the  saccharum  into 
alcohol  and  carbonic  acid  does  not  require  air,  and 
hence  it  must  be  taken  up  by  the  gluten ; yet,  whether 
it  is  directly  combined  with  the  other  elements  of  this 
body,  or  whether  it  abstracts  hydiogen  from  it,  is 
another  question  no  less  intricate  than  the  former.  A 
chemical  analysis  would  not  be  decisive  on  this  point  for 
many  reasons  known  to  chemists,  analogies  of  which 
are  numerous  in  the  range  of  organic  bodies,  such  as 
colorless  and  blue  indigo.  Dumas  found  that  the 
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colorless  body  differed  only  in  one  equivalent  of  hydro- 
gen from  the  blue  variety ; but  whether  the  latter  is  sim- 
ply the  former  united  to  oxygen,  or  whether  the  color- 
less compound  is  a hydride  of  the  blue  substance,  is  a 
matter  difficult  to  decide ; and,  in  the  same  manner,  it 
is  a question  whether  the  precipitated  decayed  gluten 
is  a combination  with  oxygen,  or  that  the  latter  has 
abstracted  hydrogen  and  formed  water,  leaving  the 
insoluble  substance.  Tn  the  course  of  rapid  fermenta- 
tion, the  same  oxidation  of  the  gluten  must  take  place 
as  in  the  slow  process,  except  that  it  is  not  so  thoroughly 
completed  as  in  the  latter  case ; and  since  the  fermen- 
tation in  the  former  is  carried  on  out  of  contact  with 
the  air,  it  follows  that  the  oxygen  necessary  either  to 
dehydrate  or  oxidize  the  gluten,  must  be  derived  from 
some  compound  in  the  liquor.  That  water  is  decom- 
posed is  almost  impossible,  for  the  oxygen  in  water  is 
held  more  powerfully  in  combination  than  it  could  pos- 
sibly be  in  the  new  arrangement  of  the  oxidized  glu- 
ten ; besides,  it  is  well  known  that  when  organic  com- 
plex substances  undergo  decomposition,  the  elements  of 
such  always  resolve  themselves  into  more  permanent 
and  simpler  bodies.  There  remains,  therefore,  only 
one  substance  which,  by  its  decomposition,  affords 
oxygen,  and  that  is  the  sugar. 

In  close  fermenting  tuns,  the  amount  of  yeast  or 
ferment  thrown  off  is  in  proportion  to  the  quantity 
of  sweet  principle  that  enters  into  another  species  of 
decomposition,  besides  that  which  generates  alcohol  and 
carbonic  acid;  and  hence  it  follows,  that  the  entire 
weight  of  sugar  is  not  changed  into  spirit  in  close  fer- 
mentations, whereas,  on  the  Bavarian  principle,  the 
whole,  even  to  the  last  grain,  may  be  converted  into 
alcohol  and  the  other  products  of  the  vinous  fermenta- 
tion. From  what  has  been  said  upon  this  subject  and 
its  principles,  the  reader  will  readily  discern  the  difference 
between  the  Bavarian  beers,  and  those  made  in  England 
and  Scotland  from  malt  and  hops  ; in  the  latter,  some 
gluten  always  remains,  which,  by  a slow  internal  species 
of  putrefactive  oxidation,  and  at  the  high  temperatures 
that  usually  pervade  the  atmosphere  in  summer  wea- 
ther, occasions  the  further  eremacausis  or  oxidation  of 
the  alcohol  into  acetic  acid ; whereas,  with  the  former, 
the  case  is  different,  because  the  whole  of  the  nitro- 
genous matters  are  completely  deposited  on  the  ferment- 
ing floors,  and  being  thus  thoroughly  purified  from  such 
substances  as  tend  to  cause  a fresh  fermentation,  the 
liquor  when  racked  is  secure  against  decomposition, 
notwithstanding  that  it  may  have  been  exposed  to  70° 
or  80°  Fahr. 

Among  the  home  improvements,  the  first  which  was 
brought  to  the  brewer’s  aid  was  the  attemperator ; this 
apparatus  consists  of  a coil  of  metallic  tubing  placed  in 
the  tun,  and  through  which  cold  water  circulates,  in 
order  to  lower  the  temperature  of  the  gyle  when,  from 
the  force  of  the  internal  action,  it  rises  too  high.  This 
apparatus  is  now  universally  employed,  and  greatly  con- 
tributes to  insure  the  success  of  the  operation. 

The  double  fermenting  square  is  another  of  those 
contrivances  which  have  acquired  some  celebrity  in 
Yorkshire  and  the  adjoining  counties.  It  consists  of 
an  inner  close  square,  with  an  exit  pipe  from  the  cover, 
through  which  the  barm  escapes.  In  this  the  worts 


are  inoculated  with  the  ferment,  and  the  space  between 
its  walls  and  those  of  the  exterior  square  is  filled  with 
cold  water,  by  which  the  temperature  of  the  enclosed 
liquor  is  maintained  at  a low  point,  and  hence  the  fer- 
mentation, though  slow,  is  more  sure  in  its  effects. 
It  is  controlled,  however,  with  much  difficulty,  unless 
there  is  sufficient  spring  water  at  command,  especially 
in  summer  weather,  when  cistern  or  surface  water  ac- 
quires a heat  of  between  60°  and  70°  Fahr.  The 
brewer’s  main  endeavor  is  to  keep  the  fermentation 
at  about  62°  to  64°,  tOl  the  attenuation  has  been  con- 
tinued as  far  as  is  desirable ; then,  by  transmitting  cold 
water  into  the  exterior  chamber,  as  well  as  through 
an  attemperating  pipe  placed  in  the  liquor,  the  heat  is 
reduced  to  about  56°,  at  which  degree  it  is  maintained 
duiing  the  cleansing. 

Harvie’s  patent  is  another  contribution  towards 
the  improvement  of  the  fermentation ; its  great  pecu- 
liarity is,  that  it  executes  its  work  in  close  vessels, 
in  addition  to  which  any  other  compound  composed  of 
carbonic  acid,  and  a base  such  as  carbonate  of  soda, 
et  cetera,  may  be  prepared  by  transmitting  the  evoluted 
gas  through  a solution  of  the  alkali  made  for  the  pur- 
pose. The  apparatus  consists  of  four  tuns  or  covered 
vessels,  connected  together  by  pipes  fixed  ah-tight  in  the 
covers,  and  passing  into  the  liquor  from  one  to  another, 
simOar  to  the  plan  of  Woulfe’s  apparatus,  till,  finally, 
the  carbonic  acid  is  transmitted  through  the  solution  in 
the  fourth  tun,  which  requires  to  be  saturated  with  it. 
The  covers  may  also  be  taken  off  at  wiU,  and  there  are 
orifices  for  the  purpose  of  admitting  the  gyle  and  other 
ingredients,  but  these  are  closed  during  the  fermenting 
action.  When  the  attenuation  is  finished,  the  contents 
may  be  drawn  off  through  openings  for  that  purpose 
near  the  bottom.  During  the  fermentation,  the  liquor 
should  not  be  allowed  to  pass  from  one  tun  to  another ; 
and  hence  the  internal  action  must  be  subdued  by  a 
reduced  heat,  so  as  to  discharge  the  whole  of  the  car- 
bonic acid  slowly  into  the  fourth  tun. 

The  annexed  simple  arrangement  represents  the  patent 
fermenting  square  of  Messrs.WALKERand  Son,  the  lead- 
ing brewers  of  Warrington,  Lancashire,  an  arrangement 
which,  in  the  Editor’s  opinion,  answers  every  expectation 
in  reference  to  a good  fermentation.  It  consists  of  two 
squares,  both  air-tight ; one.  A,  in  which  tlie  fermenta- 
tion is  carried  on,  and  the  other,  b,  for  collecting  the 
discharged  yeast.  Both  are  connected  by  a pipe,  c, 
which  descends  from  the  bottom  of  b and  enters  A at 
the  front  near  the  base.  Through  this  pipe  the  gyle, 
as  well  as  the  yeast,  is  admitted  into  the  square,  com- 
pletely filling  it;  then  weU-fermented  ale  is  poured  in, 
till  there  is  a layer  about  two  inches  in  depth  on  the 
bottom  of  the  yeast-receiver.  As  soon  as  the  fermenta- 
tion commences,  and  the  yeast,  as  yet  frothy  and  par- 
tially formed,  begins  to  be  discharged,  it  rises  through 
the  pipe,  D,  issuing  from  the  top  of  the  bevelled  cover, 
and  is  discharged  into  the  yeast-receiver  at  e.  As  the 
semifluid  matter  comes  off  from  the  lower,  the  layer 
of  beer  in  the  yeast-receiver  descends  in  its  stead,  and 
maintains  the  proper  level,  leaving  the  bottom  of  the 
latter  by  the  liquor  received  from  the  lower  tun,  still 
covered  to  the  depth  of  one  or  two  inches,  and  pre- 
venting the  froth  from  again  passing  into  it.  In  this 
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way  the  operation  is  conducted  till  finished.  Should 
the  heat  of  the  hquor  be  too  high,  it  may  be  controlled 
by  the  transmission  of  cold  water  through  the  attem- 
perating  pipe,  f.  Another  cylinder,  h,  through  which 
a stream  of  cold  water  is  passed,  keeps  the  air  in  the 
covered  yeast-receiver  sufficiently  reduced,  thereby 
arresting  the  carbonic  acid  gas  arising  from  the  action 
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of  the  fermentation,  which,  by  any  other  methods  in 
use,  in  a great  measure  escapes.  This,  to  all  who  are 
conversant  with  the  subject,  is  known  to  be  very  valu- 
able in  securing  the  soundness  of  the  beer,  and  giving 
it  a tone  of  warmth,  besides  rendering  it  pleasant  and 
agreeable  to  the  palate. 

At  the  termination  of  the  fermentation,  the  yeast  which 
is  accumulated  entirely  in  the  square,  b,  is  collected  by 
drawing  off  the  layer  of  liquor  which  covers  the  bottom 
of  this  vessel,  by  means  of  a hose  attached  to  a pipe, 
seen  at  a;  and  when  this  is  done,  the  barm  is  brushed 
out  through  a plug-hole  near  one  of  the  corners,  and 
passed  along  a hose  into  proper  vessels.  Should  the 
yeast  accumulate  in  great  abundance  in  consequence 
of  an  excess  of  gluten  in  the  gyle,  then,  by  the  same 
course  as  the  preceding,  it  may  be  swept  out,  and  the 
ale  drawn  off,  pumped  up  once  more,  and  the  fermen- 
tation continued  till  finished. 

The  heat  of  the  fermenting  liquor  is  imder  complete 
control,  and  may  be  retained  at  any  degree,  provided 
well-water  is  at  hand ; but  even  if  this  could  not  be 
obtained,  the  heat  of  the  square  would  not  become  so 
elevated  as  in  the  ordinary  vessels,  because,  the  froth 
being  removed,  the  decomposition  of  the  sugar  is  car- 
ried on  by  the  equilibrium  of  its  atomic  constituents 
being  destroyed  in  the  first  instance,  and  then  it  con- 
tinues, notwithstanding  that  apparently  no  formed  yeast 
remains  in  the  gjde.  From  a personal  inspection  of 
the  method  of  Messrs.  Walker,  the  Editor  thinks  its 
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introduction  into  general  use  would  be  of  great  benefit 
to  brewers,  for  not  only  does  it  dispense  with  the  neces- 
sity of  watching  and  hand  labor  required  in  the  usual 
system,  saving  an  immense  amount  of  space  in  fer- 
menting a large  quantity,  on  account  of  the  compactness 
of  the  apparatus,  but  the  brewer  can  obtain  any  atten- 
uation he  requires,  independent  of  weather  or  other 
circumstances;  and  at  its  close,  the  liquor,  after  being 
cooled  by  means  of  the  attemperating  pipe,  F,  is  ready 
to  be  drawn  off  through  the  tap,  G,  into  barrels  or  hogs- 
heads and  sent  to  the  consumers,  in  consequence  of 
4he  yeast  being  removed  during  the  operation.  Messrs. 
Walker  use  twelve  ounces  of  barm  to  each  barrel  of 
wort. 

Another  great  advantage  of  this  sj’stem,  and  one  which 
is  entirely  overlooked  in  the  other  methods,  is  foimd  in 
the  fact,  that  no  such  taint  as  yeast-bite  can  be  discerned 
in  the  liquor. 

Having  thus  enumerated  the  principal  methods  of 
inducing  and  regulating  the  fermentation,  the  next 
process  in  brewing  is  now  entered  upon,  namely — 

The  Cleansing,  which  seems  to  be  followed  uni- 
versally wherever  patent  fermenting  utensils,  such  as 
those  last  described,  have  not  been  employed.  After 
the  fermentation  in  the  tun  has  flagged,  and  the  chief 
portion  of  the  yeast  has  been  removed  by  skimming  or 
otherwise,  particles  of  yeast  and  glutinous  matters  stiU 
remain  held  in  mechanical  suspension  in  the  body  of  the 
beverage,  and  giving  it  a muddy  appearance.  Could 
these  be  even  removed  by  filtration,  the  hquid  would 
stfil  appear  muddy,  since  the  fermentation  has  not 
completely  ceased ; and  as  long  as  this  lasts,  fresh  par- 
ticles of  yeast  will  be  generated,  and  these  will  keep 
the  liquor  turbid  and  impure,  unless  checked  in  due 
time.  The  ordinary  practice  is  to  rack  off  the  con- 
tents of  the  tuns  into  smaller  vessels,  ranged  horizon- 
tally, with  a bung  or  orifice  open  for  the  egress  of  solid 
matter  brought  up  by  the  gradual  development  of 
carbonic  acid  from  the  interior;  the  vessels  are  kept 
full  with  fresh  hquor — generally  weU-fermented  ale. 
In  this  way  the  work  is  carried  on  till  the  fermenta- 
tion entirely  subsides,  and  the  ale  becomes  completely 
freed  from  any  floating  yeasty  matter.  As  the  barm 
rises  to  the  bung-hole,  it  fahs  into  a trough  which 
conducts  it  along  to  a yeast  tub,  or  receiver.  The 
cleansing,  when  properly  performed,  is  a very  impor- 
tant stage ; the  distribution  of  the  attenuated  hquid  into 
small  portions  has  the  effect  of  reducing  the  fermenting 
action  considerably — so  much  so,  that  if  the  attenuation 
has  not  been  sufficiently  advanced  at  the  time  of  rack- 
ing off  into  the  cleansing  vessels,  very  little  can  be 
effected  in  them,  and  the  hquor  wfll  remain  too  sweet. 
To  prevent  this,  many  brewers  either  briskly  agitate 
the  contents  of  the  fermenting  square,  to  raise  the  yeast 
which  may  have  been  deposited  on  the  bottom,  or  add 
a fresh  quantity  of  the  ferment  to  it,  and  rummage  the 
whole  with  an  apparatus  fitted  in  the  tun  for  the  pur- 
pose, or  by  any  other  contrivance.  In  either  case,  the 
object  is  to  give  the  ferment  a fresh  stimulus,  in 
order  to  counteract  in  some  degi'ee  the  checking  in- 
fluence of  the  racking  into  small  quantities,  whereby 
the  temperatoe  and  other  conditions  that  aid  in  con- 
verting the  sugar  into  alcohol  are  not  a little  reduced. 
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It  would,  however,  be  preferable  to  push  the  fermenta- 
tion so  far  in  the  tun,  as  that  only  enough  of  saccharine 
matter  will  remain  to  give  to  the  liquor  sufficient  body, 
and  also,  by  its  slow  fermentation,  develop  so  much 
carbonic  acid  as  to  keep  it  sparkling  and  refreshing. 

In  the  extensive  breweries  of  Messrs.  Bass  and  All- 
SOPP,  the  cleansing  is  very  effectually  performed,  and 
for  this  reason  a description  of  their  method  will  here 
be  given.  As  already  stated,  the  cleansing  has  for  its 
object  the  arresting  of  the  fermentation,  and  the  sepa- 
ration of  the  yeast,  by  being  transferred  into  smaller 
vessels,  where  it  remains  for  a longer  or  shorter  timej* 
till  the  clarification  is  complete.  At  the  above  firms 
there  is  a number  of  casks,  amounting  to  800  or  900, 
all.  of  which  are  placed  in  the  cleansing-room  for  the 
purpose  of  depurating  the  ale.  Each  of  these  casks 
is  capable  of  holding  four  to  five  barrels.  About  ten 
or  twelve  of  them  are  suspended  on  a substantial  frame, 
so  as  to  admit  of  a free  revolution  of  the  casks  on  their 
0.XJS.  Above  these,  a large  wide  open  trough — the 


yeast  trough — is  placed,  with  which  each  of  the  casks 
beneath  communicates,  first,  by  a movable  or  sliding 
tube,  and  secondly,  by  a head  pipe,  usually  called  a 
swan-neclc;  the  former  connection  can  be  cut  off  at 
pleasure  by  a wooden  plug.  Diametrically  opposite 
these  two  outlets,  a tap  is  screwed  into  the  casks,  and 
through  this  the  liquor  is  drawn  off  when  ready  for 
racking.  Immediately  below  these  taps,  another  trough 
is  erected  along  the  whole  range,  and  the  liquor  is  by 
this  means  conducted  into  the  racking  squares.  At 
one  end  of  the  superior  trough  there  is  a small  reser- 
voir, capable  of  holding  five  or  six  barrels  of  liquor, 
and  called  the  feeder,  in  consequence  of  its  being  con- 
nected with  each  of  the  casks  by  a small  pipe  run- 
ning parallel  with  their  ends,  and  branching  off  into 
each;  by  this  means  the  liquor  which  separates  by 
evaporation,  and  also  the  yeast,  are  replaced  from  the 
reservoir. 

Fig.  165  more  fully  explains  this  arrangement. 

The  following  is  the  method  of  working  the  appara- 


tus : — The  ale  to  be  cleansed  is  pumped  into  the  large 
yeast  trough,  and  then  run  into  the  casks  through  the 
sliding  tubes;  when  the  cask  is  quite  full,  this  communi- 
cation is  stopped  up  with  the  wooden  plug  mentioned 
before,  leaving  only  the  swan-neck  outlet  free.  Through 
this  pipe  the  froth  arising  from  the  fermentation  forces 
its  way,  and  is  transferred  to  the  yeast  trough,  where 
the  yeast  is  deposited  in  a manner  somewhat  similar  to 
the  apparatus  of  Walker,  noticed  in  the  preceding. 

To  keep  the  casks  full,  and  to  enable  the  froth  to 
rise  to  the  yeast  tun,  a quantity  of  liquor  is  put  into  the 
reservoir,  and  thence  conducted  into  the  casks  by  the 
pipe  already  mentioned.  After  the  fermentation  has 
continued  in  this  state  for  one  or  two  days,  it  apparently 
subsides  altogether ; the  contents  are  then  permitted  to 


remain  at  rest  for  a few  days  longer,  for  the  purpose  of 
affording  any  yeast  that  may  not  have  ascended  to  the 
trough,  time  to  precipitate  to  the  bottom.  The  clear 
ale  is  then  drawn  off  by  means  of  the  screw  tap  inserted 
in  the  lower  part  of  the  casks.  By  turning  this  tap 
the  interior  sucker  is  so  far  elevated  as  to  be  above  the 
dregs,  and  therefore  none  of  the  impurities  are  carried 
off  in  the  liquor,  but  remain  in  the  casks. 

It  often  happens  that  the  yeasty  matter  or  grounds 
disseminated  through  the  ale  in  the  casks,  does  not 
precipitate,  and  the  consequence  is,  that  it  causes  the 
muddiness  already  noticed  to  remain.  It  appears  that 
the  composition  of  the  water  has  a very  great  influence 
upon  the  cleansing  of  tlie  ale,  for  when  lime  compounds 
are  present,  the  action  of  the  salts  inherent  in  the  malt 
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and  dissolved  in  the  worts,  causes  a double  decomposi- 
tion, by  which  a lime  salt  is  precipitated,  and  this  carries 
with  it  the  impurities  to  be  removed.  The  Burton 
water,  as  shown  at  page  244,  is  remarkable  for  its  adap- 
tation to  brewing  in  this  particular,  namely,  that  no 
finings  or  other  extraneous  matters  need  be  added  to 
the  fermented  menstruum,  in  order  to  produce  a clear 
transparent  beverage.  In  a great  many  instances, 
where  recourse  is  had  to  the  use  of  finings,  a little  more 
care  bestowed  upon  the  preceding  operations  would  do 
away  with  the  necessity  of  using  them,  and  it  is  very 
questionable  whether,  in  any  case,  finings  or  precipitat- 
ing agents  for  removing  the  impurities  should  be  em- 
ployed. 

The  substance  most  generally  used  for  this  purpose 
is  isinglass,  which  is  dissolved  in  sour  beer,  and  then 
strained  through  a hair  sieve.  The  consistence  of  this 
solution  is  that  of  pretty  thick  mucilage.  When  a small 
quantity  of  it  is  poured  into  a cask  of  the  ale  or  beer, 
tlie  grounds  separate  in  a very  short  time,  and  the  liquor 
remains  bright,  and  free  from  mechanical  impurities. 

With  respect  to  the  action  of  the  fining  liquor  on  the 
ale,  no  very  satisfactory  explanation  can  be  given 
Many  regard  it  as  spreading  over  the  surface  of  the 
menstruum,  and  forming,  as  it  were,  a network,  which 
envelops  the  whole  of  the  mechanically  suspended  mat- 
ters, and  carries  them  with  it  to  the  bottom,  while  the 
supernatant  liquor  remains  clear;  others,  again,  look 
upon  the  floating  impurity  as  being  held  by  the  cohe- 
sive attraction  of  the  surrounding  fluid,  in  such  a con- 
dition that,  whilst  the  affinity  of  the  latter  is  not  so 
powerful  as  to  cause  solution,  it  is  nevertheless  so 
strong  as  to  keep  it  suspended,  or  in  combination ; and 
the  fining  is  supposed  to  operate,  rendering  the  affinity 
of  the  solution  for  the  groimds  less,  in  consequence  of 
being  itself  dissolved,  while  it  is  affirmed  that  the  least 
derangement  of  this  power  is  sufficient  to  insure  their 
subsidence ; while  some  think  that,  from  the  fining  being 
lighter,  it  immediately  ascends,  carrying  with  it  the 
deteriorating  ingredient,  leaving  the  beer  in  a clear 
state.  It  is  evident,  however,  that  there  must  be  a 
combination  of  the  yeasty  matter  with  the  isinglass — 
whether  of  a mechanical  or  chemical  nature  is  not 
ascertained — it  may  be  a conjunction  of  both.  This  is 
more  obvious  from  the  circumstance,  that  other  sub- 
stances, such  as  glue,  which  seemingly  partake  of  the 
same  properties,  will  not  effect  a depuration.  It  would 
seem  also,  that  the  gi'eat  divisibility  of  the  matter  in  the 
beverage,  together  with  a more  or  less  cohesive  affinity 
of  the  liquid  for  it,  is  the  cause  of  its  retention ; and  if 
this  cohesion  be  in  some  measure  destroyed,  by  either 
precipitating  the  substance,  or  bringing  the  particles 
closer  together,  so  that  they  may  combine  from  the 
effect  of  the  attraction  among  themselves,  the  liquid 
will  then  readily  clarify. 

Many  other  bodies,  such  as  albumen  of  eggs,  or 
serum  of  blood,  react  on  muddy  ale,  like  isinglass. 
Donovan  states  that  alum,  in  the  proportion  of  one 
ounce  to  the  hogshead,  will  purify  it  thoroughly  in  a 
very  short  time,  and  without  leaving  any  perceptible 
taste ; he  further  says,  that  the  dried  stomach  of  the 
cod-fish,  called  sounds,  on  being  macerated  in  sour 
beer,  affords  a fining  liquid  equal  in  most  respects  to 


the  more  expensive  isinglass.  To  dissolve  the  sounds 
perfectly,  eight  or  ten  days  are  required,  and  nothing 
remains  but  a small  quantity  of  impurities,  which  strain- 
ing through  a cloth  filter  will  remove.  More  or  less 
of  this  solution  will  be  required,  according  to  the  purity 
of  the  liquor ; but  it  is  certain  that,  ceteris  paribus,  the 
less  either  of  this  or  of  isinglass  liquid  that  is  used  the 
better,  for  these  substances  tend  to  communicate  a flat 
taste  to  the  product,  and  prevent  it  from  carrying  a 
good  head.  When  sounds  are  used,  it  is  better  to  em- 
ploy them  in  summer  than  in  winter ; in  the  latter  sea- 
son, isinglass  is  to  be  preferred. 

Very  many  persons,  after  the  fermentation  has 
ceased,  instead  of  cleansing  in  the  way  above  men- 
tioned, add  a fresh  quantity  of  hops,  and  leave  them  in 
contact  with  the  liquor  till  the  whole  of  the  yeasty  sub- 
'stance  is  carried  down  with  them  as  they  subside.  The 
ale,  in  this  case,  is  improved  to  some  extent  by  the 
addition  of  the  fresh  hops ; but  where  the  custom  is  to 
introduce  some  of  the  spent  hops  from  a previous  opera- 
tion, the  practice  is  productive  of  more  injury  than 
benefit. 

After  the  clarification,  the  ale  is  racked  off  into  store 
vats,  or  barrels,  to  be  sent  to  the  consumers;  and  in 
doing  so,  much  attention  must  be  directed  to  the  casks 
and  vessels,  in  observing  that  they  are  wholly  free  from 
any  putrid  matter,  or  bad  taste  or  smell,  which  would 
contaminate  the  ale.  The  washing  of  barrels,  hogs- 
heads, et  cetera,  is  frequently  a work  of  great  trouble  to 
many  brewers,  when  the  ordinary  course  is  followed. 
Davison,  Symington,  Payne,  and  others,  have 
taken  out  patents  for  preserving  wood,  cleansing  casks, 
and  so  forth,  which,  to  aU  appearance,  are  weU  worth 
the  brewer’s  attention,  but  which  require  too  much 
detail,  and  are  of  too  mechanical  a nature,  to  be  further 
noticed. 

Having  thus  far  given  a general  view  of  brewing, 
and  the  various  causes  which  affect  its  success,  a few 
words  will  now  be  added  on  the  preparation  of  particu- 
lar beverages,  and  first  among  these  will  be  noticed — 

PALE  ALE. — Pale  or  East  India  ale  is  nothing 
more  than  beer  made  from  worts  extracted  from  the 
palest  malt,  and  boiled  with  the  palest  and  best  hops. 
Every  attention  is  given  to  the  selection  of  these  ma- 
terials, in  order  to  insure  the  pale  color  peculiar  to  this 
ale.  A great  deal  of  East  India  pale  ale  is  now  used 
at  home,  but  it  differs  fi'om  that  exported,  inasmuch  as 
it  is  less  bitter  and  more  spiritous — in  every  other  par- 
ticular of  manufacture  and  composition  they  are  alike. 

The  only  localities  where  this  excellent  beverage 
is  produced  in  large  quantities,  are  Burton,  London, 
Glasgow,  and  Leeds.  In  the  latter  place,  a very  large 
quantity  of  East  India  pale  ale  has  for  some  years  been 
brewed  by  Messrs.  Tetley  and  Son  ; and  Messrs. 
J.  and  K.  Tennent,  of  Wellpark  Brewery,  in  Glasgow 
— one  of  the  oldest  and  most  extensive  establishments 
in  Scotland — also  prepare  pale  ale  for  exportation 
both  to  the  East  and  West  Indies,  commanding  in  the 
markets  of  the  latter  a large  sale. 

The  peculiar  excellence  of  the  ales  of  the  Messrs. 
Tennent  and  Messrs.  Tetley,  like  those  of  Burton 
— ^both  of  the  latter  of  which  were  analysed  by  the 
Editor,  as  also  the  waters  used  in  their  preparation — 
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is  their  remarkable  keeping  quality,  and  their  reten- 
tion of  that  delicate  flavor  of  the  hops  so  often  lost 
by  the  pale  ale  brewer,  notwithstanding  his  utmost 
efforts  to  secure  it.  This,  of  course,  arises  from  the 
near  approach  made  in  their  practice  to  the  theory, 
that  a low  fermenting  heat  can  alone  preserve  the  beer 
from  the  simultaneous  formation  of  acetic  acid  with  the 
alcohol,  and  their  recognition  of  the  fact  that  72°  Fahr.  is 
the  highest  degree  of  heat  that  can  he  safely  depended 
upon.  Brewing,  it  is  well  known,  has  been  long  car- 
ried on  in  Bavaria  on  these  principles;  but  hitherto 
there  has  existed  an  insuperable  objection  to  their  adop- 
tion by  the  more  extensive  Arms  of  this  country,  on  ac- 
count of  the  great  length  of  time  required  for  perfect 
attenuation.  This  difficulty,  however,  would  appear 
to  be  at  length  overcome,  the  fennentations  being  now^ 
finished  in  as  short  a time  as  by  the  old  mode ; the 
hop  flavor  is  also  preserved,  and  indeed  it  may  be 
safely  asserted  that  its  delicate  aroma  is  never  more 
surely  destroyed  than  by  a high  and  turbulent  fermen- 
tation. 

This  new  process  of  brewing  pale  ale  has  also  the 
advantage  of  afibrding  greater  purity  of  fragrance,  it 
being  weU  known  that  the  dissolution  of  barm  by  alcohol, 
the  result  of  which  may  often  be  detected  in  the  yeasty 
flavor  of  ale,  is  much  accelerated  by  high  temperatures. 
Good  water,  as  previously  stated,  is  indispensable  in  a 
brewery,  for  sound  ale  cannot  be  brewed  with  water 
not  adapted  for  the  purpose.  The  water  at  the  brewery 
of  Messrs.  Tetley  is  similar  in  constitution  to  the 
Burton  water,  as  will  be  seen  on  referring  to  the  ana- 
lysis of  it,  by  the  Editor,  at  page  245.  That  used  at 
Wellpark  by  the  Messrs.  Tennent  has  been  analysed 
by  Dr.  Penny,  and  found  to  contain  the  following 
matters : — 

Grains  in  the  imperial 

gallon,  or  70,00U  grains. 


Sulphate  of  lime, 7-2 

Sulphate  of  magnesia, 1'5 

Alkaline  sulphates, 8-7 

Carbonate  of  lime  and  magnesia 8'0 

Chloride  of  sodium, 2-4 

Oxide  of  iron, T 

Siliceous  matter, ‘7 

Organic  matters, ’3 
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Some  very  excellent  bitter  ale  is  now  brewed  in  Bir- 
kenhead, near  Liverpool,  by  Messrs.  Cook,  Brothers, 
who  kindly  conducted  the  Editor  through  their  well- 
regulated  establishment — a visit  from  which  he  derived 
many  good  practical  hints.  Some  of  the  ales  they  manu- 
facture, especially  those  at  their  Neston  works,  are  very 
similar  to  the  Burton.  The  Editor  believes  that  the 
secret  of  this  superior  product  is  chiefly  to  be  found  in 
the  composition  of  the  water,  which  he  analysed  with 
some  care,  and  found  to  contain  large  quantities  of  earthy 
carbonates  and  sulphate  of  lime,  without  any  organic 
matter,  which,  when  existing  to  any  amount,  is  decidedly 
deleterious. 

Kepeated  allusions  have  been  made  to  the  methods 
pursued  in  different  pale  ale  establishments,  in  the 
various  stages  of  mashing,  boiling,  cooling,  et  cetera, 
aheady  explained,  and,  therefore,  a recapitulation  of 
these  is  unnecessary. 

The  only  particular  which  requires  to  be  noted,  in 
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addition  to  what  has  been  already  said,  relates  to  the 
use  of  the  hops,  which,  in  making  this  beverage,  are 
added  in  larger  quantity  than  for  the  manufacture  of 
the  common  ales.  Egberts  states  that  the  proportion 
of  hops  varies  from  twenty  to  twenty-two  pounds  per 
quarter  of  malt ; but,  considering  that  the  density  of  the 
worts  is  not  so  high  as  in  many  other  instances,  being 
about  1'055  specific  gravity  or  upwards,  the  above  pro- 
portion must  in  the  majority  of  cases  be  very  consider- 
ably more  than  the  brewers  of  the  present  day  employ. 
About  sixteen  pounds  per  quarter  may  be  taken  as  the 
average  allowance,  but  more  or  less  within  certain 
limits  may  be  used — according  to  the  special  object 
of  the  brewer — ^in  making  a richer  beverage,  or  in- 
oculating the  ale  with  a larger  proportion  of  the  bitter 
ingredient.  Considerable  care  is  exercised  by  the  pale 
ale  manufacturers,  in  having  the  worts  well  boiled  with 
the  very  best  hops,  so  that  all  the  valuable  constituents 
of  the  flowers  may  be  taken  up  in  the  gyle ; hence,  it  is 
not  unfrequent  among  the  Burton  brewers  to  continue 
the  boiling  for  a period  of  two  hours  and  a half  or  three 
hours.  The  cooling  and  pitching  heat  of  the  gyle  are 
the  same  as  have  been  described ; and  the  fermenta- 
tion and  subsequent  cleaning  have  also  been  fully  ex- 
plained. As,  however,  the  routine  and  materials  em- 
ployed might  affect  the  fermentation,  it  may  be  weU  to 
offer  a few  observations  upon  this  subject. 

In  making  pale  ales,  the  fermentation  should  be  re- 
stricted within  the  range  of  60°  to  68°  or  72°  Fahr., 
according  to  the  degree  of  heat  at  the  pitching,  and  the 
state  of  the  weather.  From  the  beginning  of  the  atten- 
uation, till  about  three-fourths  of  the  sugar  are  con- 
verted into  alcohol,  nothing  further  is  required  than  to 
observe  that  the  heat  is  graduaUy  progressing  in  pro- 
portion to  the  attenuation.  After  this,  greater  vigilance 
must  be  observed  in  skimming  off  the  yeast,  and  check- 
ing the  action  of  the  ferment,  so  that  the  further  decom- 
position of  the  remaining  portion  of  the  sugar  may 
take  place  at  a declining  temperature,  during  which  the 
cleansing  can  be  thorougldy  executed. 

When  this  is  finished,  and  the  clarified  liquor  is 
racked  off,  it  is  customary  to  allow  it  to  rest  for  eighteen 
or  twenty  hours,  in  order  that  it  may  become  more 
clear.  It  is  then  run  into  the  oasks,  barrels,  or  hogs- 
heads, as  the  case  may  be,  which,  when  filled  up  to  the 
bung,  are  shived  or  bunged  tightly,  and  conveyed  to 
the  stores  or  consumers. 

It  is  of  great  importance  that  the  ale  should  com- 
mence a slow  progressive  fermentation  in  the  cask,  to 
retain  its  sparkling  and  brisk  quahties ; and  to  insure 
this,  BO  much  saccharine  matter  must  be  left  in  the 
liquor,  as  will,  by  its  conversion  into  alcohol  and  car- 
bonic acid,  communicate  and  keep  up  the  requisite 
briskness ; otherwise,  if  aU  the  sugar  were  fermented  in 
the  first  instance,  and  nothing  left  to  develop  the  car- 
bonic acid  afterwards,  the  beer  would  be  characterized 
as  flat;  while,  if  it  retained  nitrogenous  matters,  and 
were  conveyed  to  hot  climates,  it  would  in  a short  time 
become  acid  and  putrefy. 

Much  of  the  success  of  the  pale  ale  manufacture 
depends  upon  the  care  that  is  taken  in  selecting  the 
best  materials  for  its  composition.  It  must  also  be 
understood,  that  the  several  operations  through  which 
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the  malt  and  hops  have  to  pass,  as  described  in  the 
preceding  pages,  must  be  performed  with  great  atten- 
tion, so  as  to  preserve  the  color,  taste,  and  other  pro- 
perties of  the  ale  in  their  fulness  and  purity. 

In  the  immense  establishments  at  Burton-on-Trent, 
especially  those  of  Bass  and  Allsopp,  where  each 
process  is  under  the  strictest  surveillance,  it  is  really 
beautiful  to  remark  how  much  caution  and  precision 
are  exercised  in  every  department ; it  is  owing  to  this, 
collaterally  with  the  quahties  of  the  water,  that  the 
Burton  ales  have  been  rendered  so  justly  popular  as 
beverages,  and  so  highly  recommended  by  physicians 
for  their  tonic  properties. 

Scotch  Ales. — These  ales  were  at  one  time  in  con- 
siderable repute,  possessing  a peculiar  sweetness  not 
noticed  in  other  beverages.  This — especially  as  re- 
gards the  Alloa  ales — was  owing  to  the  addition  of 
Eussian  honey  to  the  liquor,  a practice  which  has  now 
been  abandoned  for  many  years.  It  is  customary  with 
the  Scotch  brewers  to  distinguish  the  quality  of  their 
ales  by  the  price ; thus,  there  are  three  guinea,  four 
guinea,  six  guinea,  and  so  on  to  ten  and  twelve  guinea 
ales,  but  the  latter  are  rarely  brewed.  The  routine  of 
masliing  is  mostly  the  same  in  Scotland  as  that  usually 
followed  by  English  brewers.  The  principal  points  of 
difference  will  appear  from  the  annexed  particulars 
gleaned  from  one  of  the  most  intelligent,  expert,  and 
extensive  brewers  in  Scotland. 

The  density  of  the  wort  depends,  of  course,  upon  the 
quality  of  the  ale  to  be  produced.  The  following  are 
the  densities  adapted  to  the  different  qualities,  reckon- 
ing by  Allan’s  saccharometer: — 

For  3 guinea  ale  the  density  is  about 65° 


“4  “ “ 80 

“5  “ “ 95 

“6  “ “ 108 

“8  “ “ 115 

“10  “ “ 125 


In  preparing  the  worts  of  four  guinea  ale,  two  barrels 
of  water  at  175°  Fahr.  are  generally  taken  per  quarter 
of  malt  and  mashed;  this  is  then  sparged  over  with  two 
and  a half  barrels  of  water  at  190°.  For  the  other 
varieties  the  same  amount  of  water  is  taken  for  the 
mash,  but  the  quantity  used  in  the  sparging  is  less  in 
proportion  to  the  density  which  the  product  has  to  indi- 
cate; thus,  lor  five  guinea  ale,  the  sparging  is  made 
with  two  barrels,  and  with  one  and  a half  for  six  guinea 
ale,  whilst  the  spargings  are  not  added  at  all  in  pre- 
paring the  richer  ales.  Properly  speaking,  only  one 
wort  is  drawn  in  Scotland,  but  the  lengths  of  sparging, 
as  just  shown,  make  up  for  the  after  worts  of  the  Enghsh 
brewer. 

The  hopping  and  boiling  of  the  worts  likewise  vary 
but  httle  from  the  practice  aheady  pointed  out : — 

4 to  5 pounds  of  hops  per  quarter  are  used  for  4 guinea  ale; 

5 “ 6 “ “ “ 5 “ 

Q (4  y 44  44  44  Q 44 

and  so  on;  the  period  of  boiling  is  from  one  to  one 
hour  and  a half  with  the  better  class  of  ales,  but  is 
prolonged  to  two  hours,  or  longer,  when  the  product  is 
poor.  The  criterion  in  this,  as  well  as  in  those  instances 
already  alluded  to,  is  the  breaking  of  the  flocculent 
matter,  which  the  attendant  carefully  watches,  and  tests 
occasionally  by  taking  samples  in  a small  vessel,  and 
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observing  if  the  flocks  readily  precipitate.  The  cool- 
ing is  performed  in  the  usual  way.  The  pitching 
heat  is  about  57°,  though  sometimes  it  is  reduced  to 
56°  or  even  54°;  and  the  period  of  attenuation  extends 
from  eight  to  twelve  days,  according  to  the  weather, 
during  which  the  heat  rises  to  about  70°  or  more,  but 
never  higher  if  possible  than  72°.  The  extent  of  the 
attenuation  varies  from  half  to  two-thirds  of  the  original 
gravity.  The  cleansing  of  Scotch  ales  differs  in  nothing 
important  from  the  usual  system.  It  may  be  stated, 
however,  that  in  Scotland  the  attenuation  is  finished 
in  the  fermenting  tun. 

The  practice  of  adding  flavorings  in  the  shape  of 
berries,  et  cetera,  is  now  entirely  discontinued  in  Scot- 
land, at  least  among  the  more  respectable  brewers. 

PORTEK. — Previous  to  the  year  1730,  the  malt 
liquors  principally  drunk  in  London  were  ale,  beer,  and 
twopenny,  and  it  was  usual  for  the  customers  to  call  for 
half-and-half,  that  is,  half  ale  and  half  beer ; half  ale 
and  half  twopenny,  or  half  of  beer  and  half  of  twopenny. 
In  course  of  time  it  also  became  the  practice  to  ask  for 
a pint  or  tankard  of  three  threads,  signifying  a third  of 
ale,  of  beer,  and  of  twopenny;  and  thus  the  publican 
had  the  trouble  of  going  to  three  casks  to  get  the  mix- 
ture required.  To  avoid  this,  a brewer  conceived  the 
idea  of  making  a liquor  which  should  unite  the  flavors 
of  the  three ; he  did  so,  and  called  it  entire,  and  as  it 
was  a hearty  beverage,  it  was  very  suitable  for  porters 
and  other  workpeople — hence  the  name,  'porter. 

The  manufacture  of  this  beverage  constitutes  a large 
and  profitable  branch  of  the  brewing  business,  especially 
in  the  metropolitan  cities.  London  and  Dublin  porter 
stand  foremost  in  point  of  quality,  hut  even  in  these 
some  very  inferior  samples  are  to  be  found. 

Considerable  disparity  of  working  exists  in  the  various 
porter  breweries  throughout  the  kingdom,  which  arises 
from  many  circumstances,  such  as  the  taste  of  the  con- 
sumers, the  nature  of  the  climate,  and  such  like.  In 
theory,  however,  the  work  differs  little  from  the  course 
laid  down  for  brewing  ale,  but,  for  the  instruction  of 
the  general  reader,  such  variations  as  do  exist  will  be 
briefly  pointed  out. 

As  in  the  case  of  pale  ale,  the  great  difference  in 
porter  from  common  ale,  is  the  variety  of  materials 
worked  upon.  The  grist  employed  by  the  porter 
brewer  is  composed  of  various  species  of  malt,  mixed 
together  in  different  proportions. 

The  annexed  table  gives  a view  of  these  mixtmes : — 
Table  op  Porter  Grists. 


No. 

Black. 

Brown. 

Amber. 

Pale. 

Total. 

1 . 

...  9 .. 

. 0 ... 

0 ... 

. 91  .. 

..  100 

2 . 

...  6 .. 

. 34  ... 

0 ... 

. 60  .. 

..  100 

3 

...  2 .. 

. 30  ... 

10  .. 

. 58  .. 

..  100 

4 . 

...  3 .. 

. 25  ... 

15  ... 

. 57  . 

..  100 

5 . 

...  4 ... 

. 24  .... 

24  ... 

. 48  .. 

. 100 

6 . 

...  5 ... 

. 0 .... 

95  ... 

. 0 .. 

. 100 

Of  these,  preference  is  given  to  the  last  two,  as  being 
the  fittest  for  preparing  a good  porter ; in  the  others, 
the  excess  of  black  and  brown  malt  occasions  too  much 
carbonaceous  and  useless  matter  in  them,  from  which 
the  porter  acquires  a disagreeable  taste,  as  if  liquorice 
and  similar  compounds  were  mixed  with  it. 

The  malt,  on  being  subjected  to  a high  temperature 
during  the  drying,  undergoes  a decomposition,  by  which 
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the  farinaceous  portions  are  deprived  of  their  natural 
properties,  and  converted  into  a more  or  less  charred 
mucilaginous  substance,  according  to  the  degree  of  heat 
communicated. 

In  the  amber  malt,  although  some  slight  carboniza- 
tion has  taken  place,  yet  it  is  not  so  powerful  as  to 
prevent  the  saccharification  of  any  considerable  portions 
of  the  starch,  and  therefore,  while  the  wort  prepared 
from  this  is  much  more  colored  than  it  would  be  if 
obtained  from  pale  malt,  the  sacrifice  of  valuable 
matter  is  not  very  great ; as,  however,  the  color  given 
to  the  mash  is  not  so  dark  as  the  consumers  require, 
the  quantity  of  black  or  patent  malt  is  employed  to 
communicate  this  shade.  The  amount  of  the  patent 
malt  varies  according  to  the  skill  of  the  manager,  and 
the  quality  of  the  remaining  portion  of  the  grist. 

As  in  the  preparation  of  pale  ales,  so  in  porter 
breweries,  strict  attention  must  be  paid  to  the  qualities 
of  the  materials. 

In  preparing  the  worts,  generally  a stiff  mash  is  made, 
and  after  an  hour’s  maceration,  a further  portion  of 
water  at  a high  temperature  is  added,  making  a total 
of  about  three  barrels  of  water  per  quarter  of  grist. 
The  whole  is  mashed  for  a short  time  after  the  second 
addition,  and  then  the  tun  is  covered  tfil  the  time  of 
racking,  which  generally  happens  in  an  hour  or  an 
hour-and-a-half’s  time.  The  worts  are  pumped  into 
the  copper,  and  boiled  and  hopped  in  the  usual  way. 
The  quantity  of  hops  varies  with  the  quality  of  the 
porter  to  be  produced,  and  according  as  it  is,  or  is  not, 
intended  for  exportation,  so  that  the  manufacturer  must 
be  left  to  the  exercise  of  his  discretion.  Among  the 
porter  brewers,  the  proportion  extends  from  six  to  six- 
teen, or  twenty  pormds  per  quarter.  The  usual  period 
of  boiling  is  an  hour  and  a half ; meanwhile  the  grist  is 
being  further  exhausted  by  the  addition  of  more  water, 
so  as  to  have  the  second  wort  ready  by  the  time  the 
contents  of  the  copper  are  tiuned  into  the  hop-back. 

The  hops  used  in  the  first  boil,  and  which  are  not 
enthely  deprived  of  their  virtue,  are  in  many  estabhsh- 
ments  returned  to  the  copper  with  the  second  wort,  the 
whole  retained  at  the  temperature  of  ebullition  for  two 
hours,  and  then  discharged  to  the  hop-back,  from  which 
the  gyle  flows  off,  and  is  cooled  down  afterwards  pre- 
vious to  fermentation. 

Before  proceeding  further,  it  may  be  well  to  make  a 
short  allusion  to  the  temperatures  at  which  the  mashings 
are  performed.  In  consequence  of  the  shght  degree  in 
which  the  malt  is  carbonized  or  decomposed,  the  ten- 
dency to  set  or  form  a coagulum  is  not  so  great  as  when 
pale  malt  is  macerated  in  the  water,  and  therefore  the 
temperature  of  the  hquor  may  be  to  some  extent  higher 
than  if  the  pale  malt  were  operated  upon.  The  reverse 
of  this  was  supposed  to  have  been  the  case  for  a long 
time,  but  the  truth  was  at  length  elicited.  Nevertheless, 
when  the  large  proportion  of  pale  or  amber  malt  is 
used,  the  brewers  content  themselves  with  the  applica- 
tion of  water  at  160°  or  165°  for  the  first  mash,  and  in 
the  second,  the  liquor  has  a temperature  of  170°  to 
180°.  These  heats  are  subject  to  a variation  of  5°  or 
more,  according  to  the  judgment  of  the  manager,  and 
the  composition  of  the  grist. 

Porter  gyle,  after  being  cooled,  has  usually  a specific 


gra\’ity  of  1 052  to  1'081,  varying  with  the  intended 
price  of  the  beer.  The  fermentation  of  porter  gyle 
should  be  vigorously  carried  on,  tiU  the  attenuation  has 
advanced  to  about  two-thirds  the  original  gravity ; 
this  wfll  take  place,  according  to  circumstances,  in 
from  two  to  four  days,  the  temperature  rising  from 
10°  to  15°.  As  soon  as  it  is  observed  that  the  heat 
remains  stationary,  the  preparation  for  racking  off  the 
beer  to  the  rounds  for  the  purpose  of  cleansing  is 
entered  upon.  Here  the  barm  is  discharged  and  col- 
lected in  a proper  recipient,  either  by  the  use  of  such  an 
apparatus  as  that  at  Bass  or  Allsopp’s,  noted  on  a pre- 
vious occasion,  or  by  the  ordinary  method.  As  soon 
as  the  sensible  fermentation  has  ended  in  the  rounds, 
the  beer  is  either  pumped  into  large  open  receivers, 
where  it  deposits  a considerable  quantity  of  the  lies  or 
grounds,  or  is  sent  to  the  store  vats  to  be  matured. 

Such  is  the  usual  routine  for  the  preparation  of  por- 
ter, but  much  more  is  necessary,  or  is  at  least  deemed 
so,  subsequent  to  these  operations,  in  order  to  make  the 
porter  suitable  to  the  different  markets  for  which  it  is 
destined,  but  reference  wiU  be  made  to  this  afterwards. 
Wlien  the  beer  does  not  clarify  spontaneously,  isinglass 
is  generally  applied  as  a fining  agent.  Porter  intended 
for  keeping  or  for  shipment  to  warm  climates,  requires 
to  be  as  free  as  possible  from  any  dregs  or  yeasty 
matter,  and  well  seasoned.  Nothing  will  assist  the 
brewer  in  this  particular  so  much  as  the  choice  of  the* 
best  materials. 

Good  porter  has  generally  the  following  characteris- 
tics : — It  is  perfectly  bright,  dark-colored,  brisk  or  well 
impregnated  with  carbonic  acid;  fight;  sufficiently  bitter 
to  the  taste ; and  free  from  too  much  acidity. 

According  to  the  opinion  of  several  in  the  trade,  the 
Excise  regidations,  as  at  present  Existing,  depress  their 
operations  very  much,  in  consequence  of  the  duty 
being  levied  upon  the  malt,  on  the  assumption  that  it 
will  yield  four  barrels  of  beer  of  19 '4  poimds  per  bairel, 
or  specific  gravity  1-054. 

Laying  down  eighty-four  pounds  as  the  maximum 
yield  of  a quarter  of  porier  grist,  this  amount  cannot  be 
far  from  the  truth,  and  according  to  many  brewers  the 
produce  is  more  frequently  eighty  pounds  than  other- 
vuse;  indeed,  considering  the  loss  in -boiling,  hopping, 
and  fermenting,  it  is  evident  that  the  forementioned 
produce  cannot  be  fully  obtained.  No  drawback  is 
allowed  by  the  Excise  upon  the  difference  of  the  quantity 
upon  which  duty  is  levied,  and  that  actually  obtained; 
hence  it  is  very  evident  that  the  manufacturer  suffers. 

Mr.  Ceockfokd  of  Long  Acre  has  recently  patented 
a machine  for  mashing,  which  he  denominates  the 
Archimedean  Attemperator. 

The  improvements  involve  but  a small  outlay,  as 
they  can  be  readily  adapted  to  the  mash-tuns — with  or 
without  machines — already  in  use,  and  may  be  worked 
by  either  steam,  horse,  or  manual  power. 

The  advantages  to  be  derived  from  the  attemperator 
are  as  follow : — 

1.  The  great  precision  with  which  the  heat  can  be 
regulated,  whereby  every  part  of  the  mash  can  be  kept 
at  the  same  temperature,  and  this  condition  prolonged 
for  an  indefinite  period. 

2.  The  wort  can  be  made  to  circulate  constantly 
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through  the  grain,  effectually  removing  the  saccharine 
matter  as  it  is  formed,  and  at  the  termination  of  the 
process  it  becomes  perfectly  bright. 

3.  The  apparatus  is  said  to  be  incapable  of  derange- 
ment, of  great  durability,  is  free  from  valves,  et  cetera, 
is  easily  constructed,  and  no  part  of  the  heating  appa- 
ratus comes  in  contact  with  the  grain. 

4.  The  extract  obtained  by  the  Archimedean  process 
affords  a considerable  increase  over  that  produced  by 
the  present  system. 

Besides  these  benefits,  the  time  of  brewing  is  reduced 
one-half,  and  much  less  liquor  is  required  to  obtain 
the  whole  extract,  than  by  the  methods  at  present 
in  use. 

The  machine  has  hitherto  given  the  greatest  satis- 
faction at  the  breweries  where  it  has  been  employed. 

Adulteration  of  Beers. — This  subject,  fortunately, 
is  not  so  difficult  to  deal  with  at  the  present  day,  as  it 
was  about  half  a century  ago ; whether  this  result  is 
owing  to  the  increased  morality  of  the  brewer,  or  to 
the  vigorous  measures  taken  by  Government  in  detect- 
ing and  pimishing  sophisticators,  is  a difficult  point  to 
determine ; but  certain  it  is,  that  the  ingredients  which 
are  said  to  have  been  employed  at  that  time  are  posi- 
tively frightful  to  contemplate. 

The  causes  of  such  adulteration  might,  with  truth, 
be  said  to  originate  with  the  consumers,  some  fancying 
a pale  liquor,  whilst  others  prefer  an  amber  or  brown. 

At  one  time  the  close  approximation  of  the  color  to 
black,  was  imagined  to  be  a sure  sign  of  perfection. 

To  communicate  such  a shade,  and  at  the  same  time 
evade  the  duty  payable  upon  the  malt,  many  resources 
were  tried,  such  as  the  use  of  caramel,  or  treacle  boiled 
down  to  blackness ; elder-berries,  Spanish  juice,  etcetera; 
and  these  continued  to  be  used  for  a considerable  period. 
Caramel,  or  burnt  sugar,  and  liquorice,  are  said  to  be 
employed  at  the  present  day,  notwithstanding  that  all 
these  adulterations  are  strictly  prohibited  by  law,  under 
a heavy  penalty.  In  the  other  departments  of  the 
manufacture,  especially  in  the  means  employed  for  pre- 
venting acidity,  raising  of  a creamy  head,  and  giving  a 
semblance  of  age  to  the  product,  many  brewers  have  re- 
coiuse  to  such  substances  as  salt  of  steel,  or  sulphate  of 
iron,  chalk,  or  other  earthy  carbonates  or  alkalies. 

When  the  beverage  is  made  from  good  materials,  and 
with  proper  care  in  the  fermentation,  it  remains  suffi- 
ciently viscid  from  the  gummy  matter  and  sugar  in 
solution,  so  that,  in  pouring  it  from  one  vessel  to  another, 
it  gathers  on  its  surface  a close  creamy  foam  or  head, 
which,  when  blown  aside,  readily  closes  again.  This 
is  more  particularly  the  case  with  good  porter ; but 
when  the  body  or  unfermented  matter  of  the  beverage 
is  in  small  or  msufficient  quantity,  this  does  not  take 
place,  and  the  bad  quality  of  the  liquor  is  thus  detected 
by  the  consumer. 

In  order  to  conceal  this  inferiority,  and  give  an  appear- 
ance of  richness,  the  brewer  very  often,  but  the  vender 
repeatedly,  adds  more  or  less  of  heading  stuff,  made  of 
isinglass  and  sour  ale  beaten  well  together,  introducing 
a small  quantity  of  this  with  an  ounce  or  two  of  sul- 
phate of  iron  into  each  hogshead.  This  has  the  effect 
of  raising  a froth  upon  the  liquid,  and  also  of  making 
it  to  close  immediately  when  blown  aside.  By  tlie  use 
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of  chalk,  beer  which  has  become  sour  may  be  deprived 
of  its  acidity,  but  it  wifi  never  be  palatable  after  such 
treatment,  especially  if  the  quantity  of  acid  in  it  is 
rather  large.  When  such  happens,  especially  in  the 
porter  establishments,  the  practice  is  to  mix  the  sour 
with  fresh-brewed  beer,  and  send  it  to  the  consumers 
at  once  as  old  porter.  Many  other  ingredients  are  said 
to  be  mixed  with  beer,  particularly  by  retailers,  where- 
by the  bitterness,  the  stupefying  properties  of  the  liquor, 
and  even  the  thirst  of  the  consumer,  is  increased,  but 
such  adulterations  have  not  come  within  the*  range  of 
the  Editor’s  experience.  It  is  asserted,  however,  that 
even  in  breweries,  many  herbs  and  seeds,  such  as  worm- 
wood, India  berry,  or  cocculus  indicus,  the  fruit  of  the 
Picroioxia,  or  Menispermum  cocculus,  a plant  contain- 
ing an  active  poisonous  principle,  and  various 

others,  are  employed  to  impart  bitterness.  Of  the  arti- 
cles used  to  mix  with  beer,  many  are  harmless ; while 
others,  as  cocculus  indicus,  et  cetera,  are  highly  injurious. 

Analysis  op  Beer. — This  is  of  much  importance 
to  the  brewer  and  toxicologist ; to  the  first,  it  becomes 
a means  whereby  he  learns  the  composition  of  the 
worts  or  gyle  of  his  neighbor,  and  his  precise  method 
of  operation ; to  the  second,  it  is  of  great  consequence, 
as  it  detects  the  poisons  administered  in  malt  liquor,  by 
means  of  which  many  dreadful  crimes,  causing  an  enor- 
mous sacrifice  of  human  life,  are  committed.  It  is  of  fur- 
ther importance  to  the  exporter  to  be  able  to  analyse  his 
beer,  and  from  the  results  to  deduce  the  original  gravity 
of  the  wort;  for  by  Act  10th  Victoria,  cap.  5,  a draw- 
back is  granted  of  five  shillings  per  barrel  of  tliirty-six 
gallons  upon  beer  exported,  of  which  the  worts  used 
before  fermentation  are  of  not  less  specific  gravity  than 
1054,  and  not  greater  than  1081 ; and  a drawback  of 
seven  shillings  and  sixpence  upon  beer  exported,  the 
worts  of  which,  before  fermentation,  were  not  under 
1081  specific  gravity. 

The  constituents  most  necessary  for  the  analyst  to 
determine  in  this  case  are,  the  alcohol,  water,  saccharine, 
glutinous,  and  bitter  extractive  matter  of  the  hop ; but 
a complete  investigation  of  these  will  sometimes  be 
necessary  for  the  purpose  of  detecting  any  foreign  or 
destructive  principle  introduced  as  an  adulterant.  Much 
may  be  learned  from  au  attentive  examination  of  the 
beer  previous  to  its  being  submitted  to  analysis.  It 
should  be  perfectly  clear;  turbidness  shows  that  either 
the  acetic  or  vinous  fermentation  is  going  on.  The 
smell  and  taste  of  the  hops,  and  the  quantity  of  car- 
bonic acid,  which  may  be  judged  of  from  the  creaminess 
of  the  head — ^unless  head  matter  had  been  employed 
— afford  to  the  connoisseur  a means  of  judging  of  the 
quality  of  the  ale  with  tolerable  certainty. 

For  excisable  purposes,  the  following  is  the  method 
recommended  for  the  analysis  of  beers,  so  as  to  find 
the  original  density  of  the  wort.  An  accurately  gradu- 
ated four  ounce  bottle  is  provided  and  filled  with  the 
beer  to  be  examined,  after  which  the  contents,  together 
with  the  rinsings,  are  transferred  to  a retort  to  which  a 
condenser  is  affixed,  and  the  measured  bottle  is  used  as 
a receiver.  Distillation  is  then  continued  till  somewhat 
more  than  half  the  quantity  of  liquid  is  drawn  over,  so 
as  to  insure  the  elimination  of  the  whole  of  the  spirit. 
The  remainder  of  the  measured  bottle  is  then  filled  with 
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distilled  water,  and  the  specific  gravity  of  the  mixture 
taken.  If,  instead  of  1000,  the  weight  should  indicate 
987,  it  shows  that  the  weight  of  the  diluted  spirit  is 
13°  less  than  water;  this  is  the  spirit  indication  of  the 
beer. 

By  referring  to  the  Excise  tables  drawn  up  for  this 
purpose,  the  density  of  the  worts  producing  it  will  he 
ascertained  to  he  59'4.  The  residue  in  the  retort  must 
then  be  washed  with  a small  quantity  of  distilled  water 
into  the  four  ounce  bottle,  which  is  then  filled  with 
water,  and  the  gravity  found  as  before,  and  its  excess 
over  that  of  water  added  to  the  preceding  number,  plus 
1000,  and  the  sum  will  be  the  original  gravity  of  the 
wort.  Thus — 


If  the  spirit  gravity  be 59'4 

And  the  extract  do 1030'Q 

Gravity  of  the  worts, 1089'4 


The  aimexed  table,  constructed  by  Professors  Gra- 
ham, Hofmann,  and  Redwood,  is  that  by  which  the 
Excise  are  guided  in  most  cases  of  this  description. 
These  numbers  in  the  body  of  the  table  indicate  the 
strength  of  wort  corresponding  to  the  spirit  indication 
m the  margin. 


Degrees 
of  spirit 
indication 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

0 

0-0 

0-3 

0-6 

0-9 

1-2 

1-5 

1-8 

2-1 

2-4 

2-7 

1 

3-0 

3-3 

3-7 

4-1 

4-4 

4-8 

5-1 

5-5 

5-9 

6-2 

2 

6-6 

7-0 

7-4 

7-8 

8-2 

8-6 

9-0 

9-4 

9-8 

10-2 

3 

10-7 

11-1 

11-5 

12-0 

12-4 

12-9 

13-3 

13-8 

14-2 

14-7 

4 

15-1 

15-5 

16-0 

16-4 

16-8 

17-3 

17-7 

18-2 

18-6 

19-1 

5 

19-5 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

23-1 

23-6 

6 

24-1 

24-6 

25-0 

25-5 

26-0 

26-4 

26-9 

27-4 

27-8 

28-3 

7 

28-8 

.29-2 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

8 

33-7 

34-3 

34-8 

35-4 

35-9 

36-5 

37-0 

37-5 

38-0 

38-6 

9 

39-1 

39-7 

40-2 

40-7 

41-2 

41-7 

42-2 

42-7 

43-2 

43-7 

10 

44-2 

44-7 

45-1 

45-6 

46-0 

46-5 

47-0 

47-5 

48-0 

48-5 

11 

49-0 

49-6 

50-1 

50-6 

51-2 

51-7 

52-2 

52-7 

53-3 

53-8 

12 

54-3 

54-9 

55-4 

55-9 

56-4 

56-9 

57-4 

57-9 

58-4 

59-9 

13 

59-4 

60-0 

60-5 

61-1 

61-6 

62-2 

62-7 

63-3 

63-8 

64-3 

14 

15 

64-8 

70-5 

65-4 

65-9 

66-5 

67-1 

67-6 

68-2 

68-7 

69 '3 

69-9 

When  a more  elementary  analysis  is  required,  a 
portion  of  the  beer  is  weU  agitated,  so  as  to  dissipate 
the  carbonic  acid,  and  then  a certain  weight  is  taken 
and  introduced  into  a retort  connected  with  a con- 
denser and  receiver,  and  the  whole  of  the  spiritous 
Uquor  drawn  off,  and  tested  by  either  of  the  alcoholo- 
metric  instrmnents  pointed  out  at  page  136,  etseguitur; 
the  amount  of  spuit  is  thus  found  on  reference  to  the 
tables  of  the  strengths  of  alcoholic  liquors  of  different 
gravities,  at  page  1 1 8,  sequitur.  The  residuary  matter 
remaining  in  the  retort,  after  the  most  part  of  the  fluid 
has  been  distilled  off  as  just  stated,  is  to  be  mixed  with 
as  much  distilled  water  as  will  make  up  the  same  bulk 
of  liquid  as  was  originally  employed,  and  the  specific 
gravity  of  this  liquid  is  to  be  taken  by  an  accurate 
hydrometer.  By  this  means  the  quantity  of  alcohol 
and  extractive  matter  in  the  beer  is  found.  To  deter- 
mine the  amount  of  sugar  in  the  solid  matter  of  the 
beer,  a portion  of  the  liquor  is  weighed  and  introduced 
into  a flask  or  beaker,  and  boiled ; if  a coagulum  should 
form,  it  is  to  be  collected  upon  a dry  tared  filter,  then 
washed,  dried,  and  weighed.  The  liquor  is  next  eva- 
porated till  it  becomes  pretty  thick;  strong  spuit  of 


wine,  or  pretty  concentrated  alcohol,  is  then  added, 
causing  a precipitate  of  the  gum  and  mucilaginous 
matter,  which  is  collected  and  washed  with  spirit  till  all 
the  sugar  is  extracted;  it  is  finally  dried  and  weighed, 
and  its  quantity  noted.  By  evaporating  the  alcoholic 
filtrate  to  remove  the  spirit,  dissolving  the  residue  in 
water,  and  boiling  the  liquid  with  a grape  sugar  test 
solution,  made  by  dissolving — 

100  grains  of  crystallized  sulphate  of  copper, 

200  grains  of  bitartrate  of  potassa, 

800  grains  of  crystallized  carbonate  of  soda, 

in  8750  grains,  or  one  pint  of  boiling  distilled  water, 
and  filtering  if  necessary,  a precipitate  of  suboxide  of 
copper  falls,  which,  when  collected,  dried,  and  weighed, 
affords  an  indirect  but  accurate  method  for  ascertaining 
the  amount  of  saccharine  matter,  since  every  three 
grains  of  the  suboxide  indicate  one  of  gi’ape  sugar. 
Having  thus  ascertained  the  per  centage  of  albumen — 
if  any — as  also  of  gum  and  sugar,  then,  by  deducting 
their  total  from  the  quantity  of  fixed  residue,  the  differ- 
ence will  be  the  per  centage  of  lupulin,  or  extractive 
matter  of  the  hop. 

If  the  beverage  was  impregnated  with  any  of  the 
products  before  mentioned  they  will  remain,  and  be 
detected  as  extract  of  hops.  Although  a good  many 
of  these  cannot  be  recognised  by  any  chemical  agencies 
with  which  the  chemist  is  acquainted,  yet,  for  the  most 
part,  they  may  be  known  by  their  taste,  or  other  physical 
characteiistics.  Some  of  the  organic  substances,  the 
extract  of  which  is  employed  to  impart  bitterness,  so 
closely  resemble  the  hop,  that  they  cannot  be  distin- 
guished from  the  latter  by  any  physical  tests ; one  of 
these  is  the  extract  of  the  picrotoxin. 

M.  J.  L.  Lassaigne,  during  his  researches  upon 
picric  acid,  has  made  a distinction  between  the  bitter 
principle  of  the  hop  and  this  acid.  He  says  that,  some 
time  back,  the  fraudulent  use  of  this  acid  as  a partial 
substitute  for  hops  had  been  announced,  and  that  the 
practice  was  carried  on  to  a considerable  extent  in 
certain  districts  in  France.  With  the  view  of  finding 
a ready  means  for  detecting  this  adulterant  in  beers, 
he  undertook  the  investigation.  He  observes  that 
the  taste  cannot  distinguish  between  the  bitterness  of 
picric  acid  and  the  lupulin  of  the  hop;  but  that,  by 
having  recourse  to  the  foUowng  experiments,  the 
presence  or  absence  of  the  adulterant  may  be  readily 
ascertained.  The  beer  is  to  be  agitated  with  a solution 
of  subacetate  of  lead  in  excess;  this  throws  down  a 
precipitate,  consisting  of  the  bitter  and  most  of  the 
coloring  matter  of  the  hop,  whilst  picric  acid,  if  present, 
is  unaffected  by  this  reagent,  and  therefore  remains,  com- 
municating its  peculiar  taste  to  the  liquid.  Another 
test,  Lassaigne  remarks,  is  this,  that  common  bone 
charcoal,  purified  by  acids,  will  precipitate  and  retain 
the  coloring  matter  of  the  beer ; but  that  picric  acid 
passes  through  this  medium,  communicating  its  natural 
tint  to  the  filtrate.  Upon  these  applications  he  bases 
the  method  of  recognizing  very  minute  traces  of  the 
acid  when  added  to  beer. 

In  his  experiments,  to  prove  the  efficacy  of  the  test, 
he  operated  upon  equal  portions  of  a well-made 
genuine  beverage,  to  one  part  of  which  one-twelve  or 
one-eighteen  thousandth  of  the  adulterant  was  added 
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On  pouring  into  these  samples  subacetate  of  lead  in 
excess,  or  on  shaking  them  with  powdered  animal 
charcoal,  the  pure  beer  is  almost  entirely  decolorized, 
whilst  the  adulterated  sample  retains  its  yellow  citron 
color.  The  most  minute  traces  of  the  adulteration 
may  be  detected  by  evaporating  the  liquid,  and,  when 
reduced  to  a half  or  quarter  of  its  bulk,  then  applying 
the  tests. 

Mr.  T.  J.  Herapath  has  lately  published  another 
test  for  the  detection  of  the  active  principle  of  cocculus 
indicus  in  beers.  It  is  based  upon  the  property  which 
charcoal  possesses  of  separating  picrotoxin  from  its 
aqueous  solution.  An  excess  of  acetate  of  lead  is 
added  to  the  beer  under  examination,  in  order  to  throw 
down  the  humulin  and  other  extractive  matters;  the 
precipitate  is  removed  by  filtration,  and  the  excess  of 
lead  in  the  filtrate  abstracted,  by  transmitting  a current 
of  sulphide  of  hydi’ogen  gas  through  it,  when  it  will  fall 
down  as  sulpiride  of  lead.  To  expel  the  free  sulphide 
of  hydrogen  after  the  filtration  of  the  precipitate,  the 
solution  is  boiled  for  some  time,  then  slowly  evaporated, 
until  the  residue  assumes  a thick  consistency,  and  a 
small  quantity  of  pure  animal  charcoal  is  agitated  with 
it  for  a few  minutes. 

When  the  whole  cools  the  solution  is  filtered,  and 
the  charcoal,  containing  the  picrotoxin,  washed  with  the 
smallest  possible  quantity  of  water,  then  dried  at  212° 
Fahr.  After  all  the  moisture  is  expelled,  the  charcoal 
is  next  boiled  with  some  pure  alcohol  to  dissolve  the 
alkaloid  accompanying  it,  the  solution  is  filtered  and 
evaporated,  and  the  picrotoxin  permitted  to  crystallize 
spontaneously. 

If  the  adulterant  be  present  in  large  quantities,  it  is 
deposited  in  fine  well-formed  prisms — Fig.  166 — or 
when  the  solution  is  rapidly  concentrated,  and  speedily 
cooled,  the  crystals  have  a beautiful  foliated  or  plumose 
appearance,  similar  to  Fig.  167. 

A small  amount  of  this  ingredient  assumes  the  form 
of  long  radiating  needles,  which,  if  the  crystallization 


Fig.  166. 


be  conducted  as  in  general  between  two  slips  of  glass, 
exhibit  a peculiar  tendency  to  place  themselves  nearly 
parallel  ivith  the  edges  of  the  upper  glass.  See  Fig.  168. 
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By  this  means  it  is  said  that  the  alkaloid  can  be 
detected  in  the  beer,  when  only  half  an  ounce  of  the 
extract  has  been  added  to  the  barrel. 


Fig.  167. 


The  quantity  of  acetic  and  lactic  acid  in  beer  is 
determined  by  weighing  or  measuring  a certain  portion, 
and  neutralizing  it  with  a standard  solution  of  pm’e 


Fig.  168. 


carbonate  of  soda  or  of  ammonia,  added  gradually  from 
a burette,  and  calculating  the  per  centage  of  those 
acids  from  the  quantity  of  the  test  liquor  employed. 
If  lactic  acid  be  suspected,  another  weighed  portion  of 
the  liquid  should  be  evaporated  to  dryness,  the  residue 
afiused  with  water,  and  neutralized  by  the  foremen- 
tioned  solution.  From  the  number  of  measures  re- 
quired, the  quantity  of  lactic  acid  is  calculated.  The 
equivalent  of  dry  lactic  -acid  is  90.  By  deducting  the 
amount  of  lactic  from  the  total  weight  of  acid,  as  above 
ascertained,  the  remainder  will  be  acetic  acid. 

Carbonic  acid  gas  may  be  determmed  either  by  boil- 
ing a quantity,  say  a quart  of  the  heer,  and  collecting 
the  gas  in  a pneumatic  apparatus,  or,  if  this  be  not  con- 
venient, transmitting  it  into  a solution  of  baryta  or 
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lime,  and  collecting,  drying,  and  weighing  the  preci- 
pitate which  it  occasions.  If  lime-water  be  employed, 
every  fifty  parts  of  the  precipitate  will  denote  twenty- 
two  of  carbonic  acid. 

If  inorganic  adulterations  be  suspected,  their  pre- 
sence may  be  proved  by  evaporating  the  beer  to 
drjmess,  and  incinerating  the  residue  in  a platinum 
capsule  or  basin,  till  the  whole  of  the  organic  matter  is 
dispelled,  then  dissolving  the  ash  or  fixed  matter  in  hy- 
drochloric acid,  and  testing — for  iron,  with  sulphocyanide 
of  potassium,  which  will  give  a blood-red  coloration  if 
it  be  present;  for  hme,  by  the  addition  of  ammonia 
and  oxalate  of  ammonia,  which  will  cause  a white  pre- 
cipitate. Should  common  salt  be  suspected,  it  may 
be  proved  by  dissolving  a portion  of  the  residue,  after 
incineration,  in  water,  filtering,  and  adding  nitric  acid 
and  nitrate  of  silver  to  the  liquid ; from  the  bulk  of  the 
precipitated  chloride  of  silver,  the  presence  or  absence 
of  salt  is  inferred.  Some  clilorides  are  naturally 


present,  so  that  the  formation  of  a slight  opalescence 
does  not  prove  the  adidteration.  Should  alum  be 
present,  it  will  precipitate  in  the  form  of  white  flocculi, 
on  adding  ammonia  to  the  solution  when  testing  for 
lime. 

Owing  to  its  vast  importance,  the  article  Beer  has 
been  more  fuUy  discussed  in  all  its  relations,  than  at 
first  sight  it  might  warrant ; but  before  appending  the 
statistics  of  this  extensive  trade,  it  will,  no  doubt,  prove 
interesting  to  the  reader  to  know,  that  the  largest  ale 
establishments  are  those  at  Burton,  the  oldest  of  which, 
Messrs.  Bass,  Eaucliffe,  and  Gketton,  brews  the 
enormous  quantity  of  200,000  barrels  per  year;  a very 
great  proportion  of  this  is  bottled  and  sent  to  the  East 
Indies.  The  next  well-known  house  is  that  of  Messrs. 
Allsopp  and  Sons  ; and  the  largest  porter  brewery  in 
the  world  belongs  to  Messrs.  Barclay,  Perkins,  and 
Company,  of  London.  The  three  are  well  worthy  of 
a visit. 


Statistics  op  the  Beer  Trade,  showing  the  Quantities  op  Hops  and  Malt  Grown,  Made,  Exported,  or  Used  in 
THE  United  Kingdom,  and  the  Barrels  op  Malt  Liquor  Brewed  up  to  certain  dates  specified  in  the  tables. 


Tear 
ending 
£th  JoiL 

British,  hops. 

Foreign  hops. 

British  and  foreigrn  hops  remaining  for 
homo  consumption. 

Malt  made  in 
the  United 
Kingdom. 
Oct  to  Oct 

Grown  weight 

Old  duty  at  Id.  and 
Id  per  cent  per  lb. 

Exported 

weight 

Imported. 

Exported 

Weight 

Duty  at 
If  Idd  per  lb. 

tons. 

cwt  qr.  lbs. 

L. 

8. 

d. 

tons,  cwt  qr.  lbs. 

tons,  cwt  qr.  lbs. 

tons,  cwt  qr.  lbs. 

tons. 

cwt  qr 

lbs. 

L. 

8. 

d 

quarters. 

1841 

3176 

6 0 

5 

34092 

6 

2* 

412 

8 3 

21 

5 

7 0 12 

2 

2 3 

4 

2767 

1 1 

20 

29699 

18 

0 

5,5U/,iUy 

1842 

13617 

18  0 

10 

146165 

10 

If 

171 

7 3 

9 

1 

14  1 8 

6 

6 0 

17 

13441 

18  1 20 

144276 

12 

5J 

5,105,005 

1843 

15817 

18  1 

18 

169779 

0 

3f 

295 

18  0 

16 

— 

— 

15522 

0 1 

2 

166602 

18 

104 

1844 

12438 

14  1 

9 

133508 

17 

m 

130 

13  1 

25 

1 

7 2 14 

1 

0 3 22 

12308 

7 2 

4 

132109 

18 

2i 

4,459,673 

1845 

13073 

14  0 

4 

140324 

7 

ii| 

68 

13  2 

17 

13 

7 0 19 

1 

18  2 

12 

13016 

8 3 

22 

139709 

17 

4i 

4,617,247 

1846 

14720 

17  1 

17 

158004 

0 

i| 

67 

10  0 

10 

36 

6 0 18 

36 

8 0 

26 

14653 

5 0 

27 

157278 

6 

11 

4,687,487 

1847 

22635 

14  2 

1 

242956 

15 

si 

200 

4 1 

21 

164 

3 1 24 

28 

17  3 

8 

22570 

15  2 

24 

242259  15 

4 

4,987,350 

1848 

20149 

5 1 

17 

216268 

16 

4 

204 

0 3 

17 

73 

7 0 22 

40 

8 3 

17 

19978 

2 3 

5 

214432 

0 

7f 

4,345,397 

1849 

19796 

8 1 

21 

212481 

11 

lOa 

159 

7 3 

1 

19 

5 0 23 

10 

9 1 

8 

19645 

16  2 

7 

210865 

4 

5f 

4,913,004 

1850 

7433 

8 3 15 

79785 

12 

8| 

122 

13  2 

19 

263 

11  1 14 

19 

2 0 

1 

7555 

4 2 

9 

81092 

15 

9f 

4,749,879 

1851 

21G68 

12  0 

5 

232576 

6 

H 

120 

15  1 

3 

324 

0 3 22 

97 

12  0 26 

21774 

5 1 

26 

233710 

10 

10 

5,183,617 

1852 

12072 

14  2 

15 

129580 

13 

o| 

403 

12  0 26 

23 

1 2 15 

46 

13  3 

24 

11645 

10  2 

8 

124995 

6 

4,853,118 

1853 

22813 

12  1 

2 

244866 

2 

4 

426 

14  1 

9 

15 

9 0 14 

7 

15  2 

6 

22394  11  1 

19 

240368 

6 

IG 

5,088,758 

1854 

14174  17  1 

1 

152143 

10 

6f 

358 

1 2 

15 

2115  15  0 27 

84  15  0 

7 

15847 

15  3 

6 

170099 

12 

3| 

5,254,968 

The  total  duty  on  hops  is  at  the  rate  of  twopence 
and  five  per  cent,  per  pound,  but  the  above  amounts 
are  calculated  at  the  ratio  of  one  penny  and  fifteen  per 
cent,  per  pound  weight — called  the  old  duty. 

The  number  of  quarters  of  malt  fabricated  in  the 


year  1841,  refers  to  the  quantity  from  the  fifth  of 
January,  1840,  to  the  fifth  of  January,  1841,  and  the 
manufactm’e  of  1854  denotes  the  total  from  the  fifth 
of  January,  1853,  to  the  fifth  of  January,  1854. 


Quarters  of  malt  made. 

Quartera  of  malt  used 

By  brewers  and  Tictuallers. 

By  retail  brewers. 

, Total. 

England, 

Scotland, 

Ireland, ■ 

The  United  Kingdom, 

1853. 

4,435,453 

491,474 

207,134 

1854. 

4,530,730 

520,479 

203,759 

1853. 

3,445,245 

150,386 

160,693 

1854. 

3,576,166 

164,677 

160,929 

1853. 

481,007 

1854. 

487,128 

1853. 

3,926,252 

150,386 

160,693 

1854. 

4,063,294 

164,677 

160,929 

5,134,061 

5,254,968 

3,756,324 

3,901,772 

481,007 

487,128 

4,237,331 

4,388,900 

From  the  above  table  it  will  easily  be  perceived  that, 
from  the  fifth  of  January,  1853,  to  the  corresponding 
date,  1854,  the  increase  over  the  previous  year  in  the 
quantity  of  malt  made,  was  in 

Quarters. 

England, 95,277 

Scotland, 29,005 

while  in  Ireland  there  was  a decrease  of  3,375  quarters, 


showing  an  increase  for  the  United  Kingdom  of  Great 
Britain  and  Ireland,  of  120,907  quarters. 

The  increase  in  the  quantity  of  malt  used  by  brewers 
and  victuallers  in  the  same  period  was  in 


Quarters. 

England, 130,921 

Scotland, 14,291 

Ireland, 236 


Increase  in  the  United  Kingdom, 145,448 


BENZOL. 


The  additional  quantity  of  malt  used  by  retail  brewers 
in  England  is  seen  to  be  6,121  quarters,  and  the  total 
increase  in  the  consumption  of  malt  in  the  United  King- 
dom, 151,569  quarters. 

The  annexed  table  exhibits  the  number  of  barrels  of 
beer  brewed  from  1815  to  1829,  inclusive. 


Years. 

Barrels  of  beer  brewed. 

Tears. 

Barrels  of  beer  brewed- 

1815 

8,169,368 

1823 

8,081,330 

1816 

7,985,961 

1824 

8,087,901 

1817 

7,131,255 

1825 

8,511,657 

1818 

7,221,191 

1826 

8,701,986 

1819 

7,549,337 

1827 

8,306,128 

1820 

7,184,889 

1828 

8,529,732 

1821 

7,471,033 

1829 

7,737,470 

1822 

7,683,850 

9 

The  duty  on  beer  was  repealed  in  the  year  1830, 
since  which  date  no  account  of  the  quantity  brewed  has 
been  kept ; but  it  is  calculated  that  a quarter  of  malt, 
on  an  average,  makes  three  and  a half  barrels  of  beer. 


Bushels  of  malt  used 

Bushels  of  malt  used 

by  brewers. 

by  brewers. 

1830 

20,790,058 

1842 

28,856,390 

1831 

28,717,257 

1843 

28,537,824 

1832 

28,417,501 

1844 

29,593,485 

1833 

29,566,125 

1845 

30,180,530 

1834 

32,139,650 

1846 

32,841,138 

1835 

32,830,220 

1847 

28,970,957 

1836 

34,235,822 

1848 

29,275,367 

1837 

32,186,882 

1849 

29,954,945 

1838 

32,323,485 

1850 

‘ 30,919,306 

1839 

32,073,882 

1851 

32,570,382 

1840 

31,887,427 

1852 

33,944,701 

1841 

29,408,511 

1853 

35,111,290 

BENZOL. — Benzine,  French;  Benzol,  German. — 
This  compound,  which  has  been  described,  from  time  to 
time,  under  the  names  benzene,  benzine,  phene,  bicar- 
bide of  hydrogen,  or  benzol,  is  now  a special  object  of 
manufacture  and  of  commerce. 

It  may  be  procured  to  any  extent  from  coal  tar,  or 
from  the  light  naphtha ; up  to  the  present  time  little 
advantage,  however,  has  been  taken  of  it  from  either 
of  these  sources.  Its  application  in  tho  chemical 
arts  is  not  extensive,  but,  from  its  many  and  varied 
properties,  it  seems  calculated  to  fulfil  an  important 
mission;  and  these  considerations  induce  the  Editor 
to  allot  to  it  a separate  article,  rather  than  to  class  it 
amongst  the  other  products  obtained  from  tar  by 
distillation. 

Fakaday  was  the  first  to  detect  benzol  as  one  of 
the  substances  emanating  from  the  distillation  of 
organic  matter  ; Mitscheklich  subsequently  showed 
that  it  was  the  principal  ingredient  in  the  distillate 
obtained  when  hydrate  of  lime  reacts  upon  benzoic  acid 
at  a high  temperature.  By  either  of  these  methods  its 
produce,  in  any  appreciable  amount,  to  be  useful  in 
the  arts,  could  not  be  expected;  for,  in  the  first  in- 
stance, the  method  by  which  it  was  prepared  was  so 
imperfect  that  it  could  not  be  prosecuted  on  a large 
scale,  and  in  the  second,  the  fact  that  it  was  so  obtained 
was  more  an  acquisition  to  science  than  to  the  arts. 

Among  the  many  other  investigations  which  have 
been  recently  made,  that  of  Mr.  Mansfield  upon  coal 
tar  has  developed  the  means  whereby  benzol  can  be 
economically  obtained  in  the  highest  state  of  purity. 
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It  is  a clear,  colorless,  and  very  mobile  liquid,  haviug 
a characteristic  agreeable  ethereal  odor.  The  bod- 
ing point,  as  stated  by  Mitscheklich,  is  186°  Fahr., 
but  that  prepared  by  Mansfield  from  the  crude 
naphtha  spirit,  enters  into  ebullition  at  176°,  the  ordi- 
nary pressm-e  and  temperature  of  the  atmosphere  being 
applied.  At  32°  it  crystallizes  in  masses  resembling 
white  wax  or  camphor,  hke  which  it  will  burn  without 
immediately  entering  into  fusion.  By  a gradual 
refrigeration  it  is  obtained  in  beautiful  cruciform 
leaflets,  perfectly  transparent,  which  aggregate  into 
forms  resembling  fern-fronds,  with  numerous  pinnse 
diverging  at  right  angles  to  a principal  axis.  Its 
specific  gravity  in  the  liquid  state  is  0'85  ; that  of  its 
vapor,  according  to  calculation,  is  2‘738,  whilst  experi- 
ments have  shown  it  to  be  2’770.  It  is  insoluble  in 
water,  but  alcohol  and  ether  dissolve  it ; hydrated 
acids  have  no  effect  upon  it,  and  the  alkali  metals, 
potassium  and  sodium,  when  immersed  in  it  suffer  no 
change. 

Its  composition  has  been  shown  by  Mitscheklich, 
the  Editor,  and  others,  to  be  that  of  a hydrocarbon,  with 
the  formula  Cj^Hg;  but  the  Editor,  with  many  others, 
thinks  it  probable,  from  the  facdity  with  which  it  is 
converted  into  nitrobenzol  — (Cj2  Hg)  N 0^ — ^by  the 
replacement  of  one  equivalent  of  hydrogen  by  per- 
oxide of  nitrogen — N 0^ — that  it  is  a hydride  of  the 
phenyl  radical,  namely,  Hg)  H. 

In  procuring  benzol,  the  course  adopted  by  Mans- 
field was  to  subject  the  light  coal  naphtha,  which 
was  drawn  over  at  the  beginning  of  the  distilla- 
tion of  the  tar,  to  repeated  rectifications,  and  then 
to  submit  it  to  a cold  of  32°  Fahr.  or  rmder,  when 
it  crystallizes.*  As  other  compounds,  having  nearly 
the  same  boiling  point  as  benzol,  and  allied  to  it  in 
other  respects,  were  suspected  to  be  present,  the  solid 
matter  was  filtered  under  pressiire,  with  the  view  of 
removing  them  if  possible.  In  executing  this  part  of 
the  work,  the  operator  employed  a Beart's  coffee-pot,  as 
being  well  adapted  for  the  purpose  ; and  by  repeated 
filtrations  under  the  atmospheric  pressure  and  a low 
temperature,  he  succeeded  in  obtaining  a pure  product,  | 
possessing  the  properties  already  enumerated. 

As  benzol  has  the  same  boiling  point  as  alcohol  of 
specific  gravity  '825,  the  author  of  this  research  sug- 
gests that  it  may  be  obtained  from  the  other  products 
accompanying  it  in  the  crude  light  coal  naphtha,  by 
similar  means  to  those  which  are  resorted  to  in  rectify- 
ing spirit.  He  recommends  the  adoption  of  a metallic 
retort,  which  should  he  surmounted  by  an  open  vessel 
filled  with  water,  and  containing  a worm  or  chamber, 
into  which  the  vapor  of  naphtha  passes  directly  from 
the  retort,  and  so  an-anged  that  the  less  volatile  fluids, 
which  may  be  condensed  in  it,  will  run  back  into  the 
cucurbit,  or  into  a separate  receiver ; wliile  the  fluids 
more  volatile  than  water  will  flow  on  to  another  con- 
denser, which  is  kept  as  cold  as  possible.  The  water 
surrounding  the  head  of  the  stUl  will  gradually  rise  to 
the  boiling  point  as  the  operation  proceeds,  and  when 
this  happens  the  distillation  comes  to  a close,  since  no 
fluid  remains  in  the  retort,  the  vapor  of  which  is  not 
condensable  at  the  temperature  of  the  head,  which, 
of  course,  cannot  exceed  212°  Fahr. 


BISMUTH. 
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Rectification  of  the  distillate  having  been  effected  a 
second  time,  in  such  an  apparatus,  limiting  the  tempe- 
rature of  the  head  to  176°,  and  reserving  the  portions 
which  come  over  before  the  heat  of  the  water  rises  to 
194°,  a large  quantity  of  a very  volatile  liquid  will  be 
obtained,  which,  to  at  least  one-half  its  bulk,  will  be- 
come solid  when  exposed  to  a cold  of  4°  Fahr.  By 
carrying  on  the  distillation  as  near  as  possible  to  the 
boiling  point  of  the  benzol,  either  by  multiplying  the 
condensers,  or  otherwise,  the  richer  will  be  the  crop  of 
solid  matter  obtained  from  the  distillate  when  sub- 
jected to  cold.  This  product  should  be  agitated  with 
about  a quarter  of  its  bulk  of  sulphuric  acid,  or,  better 
stUl,  with  about  a tenth  of  strong  nitric  acid,  and,  after 
its  removal,  with  one-fourth  its  volume  of  sulphuric.  It 
should  then  be  separated  from  the  acid  and  distilled, 
or  the  distillation  may  be  earned  on  from  the  acid, 
reserving  in  either  case  those  portions  only  which  pass 
off  under  194°. 

The  distillate,  after  agitation  with  sulphuric  acid, 
should  remain  perfectly  colorless,  and  the  acid  should 
not  assume  a deeper  tint  than  a straw-brown ; if  it 
acquires  a darker  hue,  the  product  should  be  subjected 
to  another  rectification.  When  the  proper  purity  has 
been  attained,  the  volatile  liquid  should  be  well  washed, 
first  with  water,  and  then  with  an  alkaline  lie,  to  get 
rid  of  all  traces  of  acidity.  The  use  of  the  sulphuric 
acid  in  this  case,  is  to  remove  aU  the  basic  substances, 
to  oxidize  the  small  amount  of  brown  coloring  matter, 
and  take  away  such  of  the  neutral  oils  as  form  com- 
pounds with  it.  In  the  latter  class,  an  oil  cf  nn  allia- 
ceous smell,  more  volatile  even  than  benzol,  is  with- 
drawn by  the  acid.  By  treatment  with  nitric  acid,  the 
same  volatile  hydrocarbon  yields  a Mgrant  oil,  the 
odor  of  which  is  not  to  be  distinguished  from  that  of 
oil  of  bitter  ahnonds,  so  that  this  substance — at  present 
used  very  extensively  in  confectionery  and  perfumery 
— may  now  be  procured  from  coal-tar  in  tons,  if  re- 
quired, and  at  a trifling  cost. 

The  direct  purposes  which  benzol  may  be  made  to 
serve  are  numerous : it  is  a very  economical  solvent  for 
caoutchouc  and  gutta-percha ; and  from  its  great  vola- 
tility, when  the  surface  of  bodies,  such  as  glass  or  textile 
fabrics,  is  coated  with  the  varnish,  it  deposits  on  it  a 
very  thin  film.  By  these  means,  artificial  cuticles  may 
be  formed  on  the  body,  which  may  be  serviceable  in  case 
of  woimds,  burns,  or  cutaneous  diseases.  It  dissolves 
many  resins,  mastic,  camphor,  wax,  fatty  and  essential 
oils,  with  great  facility.  Some  resins,  such  as  copal, 
anime,  et  cetera,  which  are  only  slightly  acted  upon  by 
the  liquid,  dissolve  readily  in  the  vapor  at  its  point  of 
condensation;  hence  its  probable  utility  for  varnish 
manufactures. 

Sulphur,  phosphorus,  and  iodine  are  taken  up  by  it ; 
the  sulphur  dissolves  best  in  the  boiling  fluid,  but  it 
precipitates  in  a crystalline  state  as  the  menstruum 
cools.  A current  of  air  transmitted  through  this  liquid 
becomes  so  surcharged  with  its  vapor,  that  when  ignited 
it  affords  a beautiful  white  light— in  fact,  it  has  been 
patented  by  a Londoner  as  a substitute  for  coal  gas. 

Ordinary  coal  gas  passed  over  the  surface  of  a bath 
of  the  fluid,  acquires  very  great  additional  illuminating 
power. 


Were  it  not  that  the  price  of  alcohol  is  so  exorbitant 
in  this  country,  benzol  would  be  the  means  of  bringing 
it  into  use  for  some  flluminating  pmposes,  et  cetera',  for 
although  alcohol  and  pyroxyhe  spirit  do  not  afford 
much  light  when  consumed  alone,  yet,  by  an  admixture 
with  benzol,  they  would  be  made  to  give  a brilliant 
flame. 

Similar  mixtures  of  oil  of  turpentine  and  spirit  are 
already  in  use  in  some  localities  in  Germany;  but  ben- 
zol, as  stated  by  Mansfield,  is  far  more  miscible  with 
spirit  containing  a given  amount  of  water  than  the  oil. 

It  is  an  acknowledged  fact,  that  the  inhalation  of  its 
vapor  causes,  hke  chloroform,  insensibility  to  pain,  but 
from  some  slight  irritation  which  it  was  found  to  pro- 
duce when  the  experiments  were  made,  it  has  not  yet 
come  into  general  use  a&  an  ansesthetic.  Perhaps  it 
may  be  questioned  whether  the  benzol  employed  in 
these  experiments  was  pure. 

Benzol  may  now  be  considered  of  some  importance, 
establishments  for  its  fabrication  being  already  at  work 
in  Manchester,  Glasgow,  and  other  large  towns. 

BISMUTH. — Etain  de  Glace,  French;  Wismuth, 
German;  synthetically,  tin  glass  and  marcasita.  This 
is  one  of  the  metallic  bodies  accounted  simple  by  the 
modem  chemists,  though  considered  a semi-metal  by 
the  alchemists.  Its  discovery  is  of  ancient  date, 
being  known  to  Agricola,  who  wrote  about  1530. 
Its  leading  features  and  properties  were  more  fuUy 
studied  by  Stahl,  Cronstedt,  and  Kirwan;  but 
Pott  and  Geoffery  carried  their  investigations  fur- 
ther than  the  others.  Subsequently,  Berzelius  ex- 
amined the  metal  and  its  combinations,  so  that  at 
present  its  properties  are  well  understood.  Its  dis- 
semination in  the  mineral  kingdom  is  not  very  ex- 
tensive ; in  the  native  state  it  occurs  at  Scala, 
Neritia,  Dalecarlia,  Altenberg,  Schneeberg,  Annaberg, 
Johanngeorgenstadt,  Joachimsthal,  Baden,  Wurtem- 
berg,  Hessia,  Sweden,  and  Norway ; it  is  also  found  in 
Cornwall  and  Cumberland  in  England,  and  at  Stu'ling 
in  Scotland. 

The  principal  mineralogical  combinations  of  bismuth, 
besides  the  native  metal,  are — ^bismuth  ochre,  bismuth 
blende,  bismuth  glance,  bismutite,  tellurii  bismuth, 
bismuth  silver,  bismuth  copper,  and  needle  ore,  the 
latter  being  a compound  of  bismuth,  copper,  and  lead, 
with  sulphur. 

Of  these,  native  bismuth  is  the  most  abundant,  and 
is  the  body  resorted  to  for  the  preparation  of  the 
element.  In  the  laboratory,  the  metal  is  obtained  by 
oxidizing  the  commercial  bismuth  with  nitric  acid,  eva- 
porating the  solution,  and  adding  a large  quantity  of 
water,  which  throws  down  a basic  nitrate  of  bismuth. 
This  precipitate  is  subsequently  digested  with  potassa, 
to  remove  arsenious  and  arsenic  acid,  the  solution  fil- 
tered, and  after  the  residue  has  been  well  washed,  it  is 
reduced  at  a gentle  heat  with  black-flux. 

Bismuth  is  very  brittle,  of  a whitish  lustre ; but  when 
compared  with  silver,  zinc,  tin,  and  antimony,  its  aspect 
is  somewhat  reddish ; it  cannot  be  drawn  out  under 
the  hammer,  but,  by  delicate  treatment,  a bar  may  be 
slightly  extended.  It  crystallizes  in  cubes  and  tetrahe- 
drons. These  are  best  obtained  by  fusing  a large  quan- 
tity of  bismuth  in  a crucible,  and  cooling  it  very  slowly. 
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till  it  assumes  a semi-solid  consistence ; for  this  purpose 
the  crucible,  with  the  fused  metal  while  red-hot,  is  em- 
bedded in  hot  sand,  and  covered  over  with  an  iron 
plate,  heated  to  dull  redness,  and  having  some  glowing: 
coals  placed  upon  it,  to  prevent  the  surface  of  the 
metal  becoming  too  rapidly  soliiiified;  after  a short 
time  the  lid  is  removed,  a hole  made  in  the  sohd 
crust  of  the  content  of  the  crucible,  by  holding  a 
, glowing  coal  or  a red-hot  bar  of  iron  in  close  proxi- 
mity, and  then  the  hquid  metal  is  poured  out,  leav- 
ing considerable  portions  adhering  to  the  sides  of  the 
. vessel.  Upon  examining  this  solid  mass,  it  will  he 
found  beautifully  crystallized  in  cubes'  and'  hollow 
tetrahedrons,  as  before  mentioned.  By  exposme,  the 
crystals  instanftineously  acquire  a sli^t  coating  of 
oxide,  whiclT  causes  them  to  iridesce.  It  fuses  at  from 
497°  to  508°  Fahr.,  and  at  a higher  degree  of  heat  it 
may  be  distilled  from  close  vessels,  and  condensed  in 
laminae. 

Eegnault  has  stated  that  the  vapor  of  bismuth  is 
capable  of  decomposing  steam,  being  oxidized  thereby. 
Heated  in  the  air,  the  metal  burns  with  a bluish  flame, 
and  evolves  light  yellow  fumes.  Bismuth  is  not  sen- 
sibly affected  by  exposure  to  a dry  atmosphere ; but  in 
a humid,  its  feeble  lustre  is  readily  tarnished. 

Pure  bismuth  has  a density  of  9 '654,  according  to 
Kaksten,  though  Makchand  and  Sc&erer  state  it 
to  be  9'799.  The  commercial  article  varies  in  density 
from  9'783  to  9'833;  but  this  is  considerably  dimin- 
ished by  pressure.  Booth  says  that  the  specific 
gravity  of  a bar  of  bismuth,  on  being  introduced  into  a 
steel  mortar,  and  a pressure  of  one  thousand  pounds 
applied,  becomes  reduced  from  9'783  to  9‘779;  with 
the  application  of  one  hundred  and  fifty  thousand 
pounds,  the  reduction  comes  to  9 ‘655;  and  with  a 
compression  of  two  hundred  thousand  pounds,  the 
density  is  lowered  to  9'556.  Bismuth  has  a very 
defective  tenacity,  a rod  of  one-tenth  of  an  ineh  in 
diameter  bearing*  only  forty  pounds ; it  is  also  wanting 
in  sonorousness.  It  has  been  described  as  an  elfectro- 
negative  metal;  but  reclnt  investigations  upon  its 
polarity,  show^that  it  is  affeqjed  by  electricity.  Nitric 
and  nftro-hydrochloric ' acids  dissolve  it  with  consider- 
able energy ; but  if  an  electro-negative  metal,  such  as 
platinum,  be  brought  in  contact  with  it  during  its  solu- 
tion in  nitric  acid,  the  action  of  the  acid  is  arrested, 
and  the  bismuth  becomes  coated  with  a hlack  film 
each  time  contact  with  the  acid  is  broken;  this  black- 
ness, however,  readily  disappears,  and  the  metal  as- 
sumes its  usual  brightness,  being  now  only  feebly 
attacked  by  solvents.  A similar  effect  is  observed  if 
the  metal  be  dipped  in  nitrous  acid,  and  immediately 
afterwards  into  nitidc  acid.  Bismuth  decomposes 
water  at  a white  heat,  being  converted  into  teroxide; 
it  takes  fire  in  chlorine  gas,  giving  rise  to  terchloride  of 
bismuth.  It  combines  with  most  of  the  non-metallic 
elements,  as  also  its  oxide  with  mineral  acids,  pro- 
ducing corresponding  salts,  which,  however,  are  not 
very  interesting  to  manufacturers,  though  verj'  much 
so  to  the  scientific  chemist.  Bismuth  is  denoted  by  the 
symbol  Bi ; and  the  atomic  or  combining  weight  is  213. 

It  is  for  the  most  part  a secondary  - product  in 
metallurgical  operations,  as  it  is  nearly  always  found. 


Fig.  169. 


though  in  the  native  state,  blended  with  more  or  less 
cobalt,  silver,  arsenic,  et  cetera.  Eliquation,  conducted 
with  care,  is  aU  that  is  necessary  to  obtain  the  metal  as 
sold  in  the  market.  The  method  of  conducting  this 
eliquation,  the  uses  of  the  metal  in  the  arts,  and  some 
of  its  more  important  combinations,  will  now  be  de- 
scribed. These  will  be  found  to  consist  in  its  alloys, 
oxides,  and  nitrates,  the  latter  being  chiefly  employed 
for  pharmaceutical  purposes.  A few  remarks  on  the 
methods  of  detecting  bismuth  in  combination  wiU  con- 
clude the  article. 

Eliquation. — Cast-iron  retorts  placed  obliquely, 
and  heated  by  a fufhace 
beneath  them,  are  used 
for  this  purpose ; and  the 
bismuth  of  the  ore  v'\th 
which  these  retorts  are 
charged  is  fused,  and 
flows  along  the  inclina- 
tion into  an  appropriate 
receiver,  lea'sdng  siliceous 
and  other  impurities.  The 
furnace  constructed  at 
Schneeberg  is  represent- 
ed in  the  annexed  Figs. 

169, 170, 171 ; the  first  of 
which  is  a plan ; the  se- 
cond a front  elevation,  at 
kk — Fig.  169 — and  the  third  a section,  at  ab — Fig. 
169. 

In  the  plan — Fig.  169 — the  fire-door  is  repre- 
sented by  d,  the  grate  by  6,  and  the  eliquating  pipes 
by  ccc,  whieh  are  made  to  incline  towards  the  iron 
pans,  i i i,  where  the  fused  metal  is  collected.  A wall, 
k k,  supports  the  pans ; and  to  prevent  the  metal  from 
forming  an  ahoy  with  the  latter,  and  also  to  obviate 
its  oxidsrtion,  it  is  cus- 
tomary to  throw  a 
little  charcoal  powdel 
into  each.  At  m a 
tank  of  cold  water  is 
situated,  into  which 
the  slag  remaining  in 
the  pipes  after  the  me- 
tal is  separated  from 
it  is  drawn.  In  doing 
this,  the  heated  matter  does  not  splash  at  once  into  the 
water,  but  faUs  along  by  a declivity,  h.  This  arrange- 
ment is  shown  in  elevation — Fig.  170 — which  is  a sec- 
tion of  the  preceding,  the  same  objects  being  distin- 

Fig.  171 


Fig.  170. 


guished  by  the  foregoing  letters.  The  pipes,  cc,  are 
closed  at  the  depressed  pnd  by  clay  plates,  denoted  by 
f in  the  section,  excepting  a small  opening  through 
which  the  fused  metal  issues  to  the  receivers,  c;  and  a 
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stout  cast-iron  door-plate,  I,  secures  them  at  the  other. 
The  retorts  are  heated  by  the  fire,  e,  with  the  assistance 
of  flues  passing  from  it  round  each  severally,  as  seen 
in  Fig.  170,  and  Fig.  171,  at  g g.  The  draught  of 
the  furnace  is  increqged  at  will  by  opening  the 
holes,  shown  at  nn,  Fig.  170,  placed  between  each  pair 
of  retorts. 

The  ore  is  prepared  by  breaking  it  up,  and  removing 
the  very  impure  portions ; this  being  effected,  about 
half  a hundredweight  is  introduced  into  each  of  the 
retorts,  the  door-plates,  I,  made  secure,  and  the  fire 
stirred  up  to  communicate  the  req^ed  de|jee  of  .heat. 
This  charge  should  only  be,^bout  thrSe-eighths  of  the 
capacity  of  the  retorts,  in  order  that  it  rhay  be  con- 
veniently stirred.  After  the  application  of  the  heat  for 
ten  minutes,  the  metal  begins  to  flow  out  by  the  sSall 
space  in  the  clay  plate,  f,  at  the  end ; and  as  soon  as  it 
is  observed  to  slacken,  the  contents  of  the  retort  are 
stirred  with  a rake,  a process  repeated  several  times, 
till  the  whole  of  the  metal  is  obtained,  which  is  usually 
the  case  in  half  an  hour.  The  slag,  deprived  of  all  the 
metal,  is  now  raked  out  of  the  retorts  into  the  water 
tank  in  front,  and  replaced  by  a fresh  charge.  As  the 
pans,  i i i,  get  nearly  filled,  the  fused  metal  is  ladled 
out  and  cast  into  bars,  weighing  each  from  twenty  to 
fifty  pounds. 

At  Schneeberg,  where  about  ten  thousand  tons  of 
bismuth  are  annually  produced,  wood  is  the  fuel  em- 
ployed, fifty  cubic  feet  of  which  is  sufficient  to  work 
off  a ton  of  ore. 

As  obtained  in  this  way,  the  metal  is  generally 
impregnated  with  more  or  less  iron,  arsenic,  sulphur, 
et  cetera,  which,  however,  may  be  removed  by  i fusing 
with  a suitable  quantity  of  nitrate  of  potassa  to  oxidize 
these  impurities. 

Bismuth  required  for  medical  or^other  particulai 
purposes,  where  purity  is  an  indispensable  'Quality, 
should  be  prepared  as  Erected  at  the  commencement. 

Alloys. — The  chief  application  of  bismuth  is  in  the 
formation  of  alloys ; it  readily  unites  with  tin,  lead,  sil- 
ver, mercury,  and  several  other  metals,  producing  com- 
pounds the  density  of  which  is  over  the  mean  of  the 
constituents.  Such  is  the  characteristic  of  the  alloy  of 
lead  and  bismuth  in  equal  proportions ; it  has  a foliated 
texture,  is  brittle,  and  of  the  same  color  as  bismuth. 
In  bell-founding,  bismuth  is  of  great  use ; for,  though 
wanting  in  sound,  it  communicates  sonorousness  in  a 
high  degree  to  the  alloy  it  forms  with  tin.  When 
these  two  metals  are  mixed  in  the  proportion  of 
twenty-four  parts  of  tin  to  one  of  bismuth,  the  alloy  is 
malleable ; but  it  acquires  brittleness  according  as  the 
quantity  of  , the  latter  is  increased.  An  alloy  of  bis- 
muth, tin,  and  lead,  was  designated  fusible  metal  by 
Sir  Isaac  NewtOn,  on  account  of  its  low  melting  point, 
a name  which  is  stiU  retained. 

A mixture  of  eight  par1;s  of  bismuth,  five  of  lead, 
and  three  of  tin,  melts  at  202°  Fahr.,  and,  according  to 
EosiS,  an  alloy  composed  of  two  parts  of  bismuth,  one 
of  lead,  and  one  of  tin,  liquefies  at  200'75°  Fahr. 

All  these  alloys  are  rendered  still  more  fusible  by  a 
slight  amalgamation  with  mercury,  and  are  serviceable 
for  taking  casts  of  anatomical  preparatidns. 
of  one  part  of  bismuth,  two  of  tin,  and  one 


employed  as  soft  solder  by  pewterers;  the  same  has 
been  proposed  as  a bath  for  tempering  steel  instruments, 
and  cake  moulds,  for  the  manufacture  of  toilet  soaps. 

Bismuth  alloyed  with  other  metals  has  been  used  to 
measure  heat  when  applied  to  particular  technical 
uses,  as  also  to  prevent  the  explosion  of  steam  bbHers ; 
for  the  latter  purpose  it  was  first  proposed  by  the 
French ; but  although  such  safety,  rondelles  are  ingeni- 
ous, and  seemingly  calculated  to  answer  the  desired* 
end,  yet  many  boil^s  to  which  they  have  been  at- 
tached have  been  known  to  burst  before  evenu  the 
fusible  bath  liquefieff.  The  reason  for  such  sudden  « 
reaction  that  the  expansive  force  of  the  steam 
5evelopes  itself  so  instantaneously,  that  thef'  fusible 
metal  could  not  possibly  be  affected  by  it..  The  com- 
position of  the  rondelles  varies  according  to  the  pres- 
sure of  the  steam  required;  they  are  so  constituted  as 
to  enter  into  fusion,  and  give  way  to  steam’of  a higher 
temperature,  but  considerably  under  that  which  would 
endanger  the  safety  of  the  boiler. 

Oxides. — Bismuth  unites  with  oxygen  in  several  pro- 
portions, but  that  generally  found  is  the  teroxide.  The 
suboxide  of  bismuth  is  merely  interesting  to  the  scien- 
tific chemist;  it  is,  when  obtained  from  the  partial 
oxidation  of  the  melted  metal,  or  when  the  finbly-divided 
metal  is  oxidize^  in  the  air,  in  the  form  of  a reddish- 
brown  substance ; the  same  combination  of  bismuth 
and  oxygen  is  obtained  when  the  basic  nitrate  of  the 
teroxide  is  digesteS  with  an  excess  of  protochloride  of 
tirf,  and  the  residue  washed  and  dried  in  vacuo ; in  ftis 
state  it  is  of  a coal-black  color.  In  the  heat  of  me 
blowpipe  flame,  this  oxide  reacts  hire  the  suboxide  of 
copper  when  treated  with  microcosmic  salt — ^phosphate 
of  soda  and  ammonia ; — it  does  not  unite  with  liquid 
acids,  but  in  the  heat  it  seems  to  combine  with 
those  which  are  fixed.  The  oxide  of  bismuth  and  its  * 
nitrate,  and^occasionally  the  subchloride,  are  the.  only 
compounds  which  are  usedjn  the  arts.  The  former  is 
prepared  by  dissolving  the  metal  in  nitric  acid,  and 
precipftating  the  solution  by  caustic  potassa  or  soda; 
or  by  evaporating  the  solution  of  the  ternitrate  to  dry- 
ness, and  heating  the  dry  ►mass  to  redness,  by  which 
the  nitric  acid  is  expelled,  and  ^roxide  of  bismuth  is 
obtained.  This  oxide  is  of  a yellowish  color,  but  by 
heat  it  is  changed  to  a blackish  glass,  which  assumes, 
on  cooling,  a yellow  crystalline'  appearance.  The  eva- 
poration of  the  solution  of  the  ternitrate  may  be  dis- 
pensed with,  provided  much  water  be  added  to  it  to 
throw  down  a basic  nitrate  of  bismuth  in  the  form  of  a 
white  powder;  by  filtering  this  precipitate,  washing 
with  a little  water,  drying  and  heating  to  redness,'  the 
oxide  is  obtained,  as  in  the  preceding.  A soluble  ter- 
nitrate of  bismuth  remains  in  the  liquid  filtered  from 
the  precipitate  already  mentioned,  as  tlie  annexed  for- 
mula shows ; — 

4 (Bi  O3  3 N O5)  -f  6 H 0 = (Bi  O3  3 N O5,  2 Bi  Oa)  + 

Ternitrate  of  bismuth.  Baste  nitrate  of  bismuth. 

(Bi  03  3N03)  -f-  6(HO,  NO5)  . 


Ternitrate  of  bismuth  in  solution. 


The  formula  for  this  oxide  is  BiOg;  its  specific^ 
from  8‘174  to  8'9G8;  and  it  contains  in  a hun- 
arts,  89'87  of  metal  and  lO'lS  of  oxygen. 


